Attachment 1

PM-2A Tanks — Specifications

Att-1-1



Attachment 2

TSF-03 — Specifications

Att-2-1



Attachment 3

WRRTF-01 — Specifications

Att-3-1



REFERENCE PAGES



INEEL BBWI RFP-394 RD/RA Work Plan for WAG 1-10 ==> Crane Lifting / Loading Calculations
WAG 1-10 Sites TSF-26, TSF-03, and WRRTF-01 ilr ImrepidTechnology kresourtt

teod

INTREPID prepared Revision 0 dated - 13-Jan-2003, by DJ Kenoyer, Checked by SD Dustin
1 Revision 1, 24-Feb-03, by BJ Kenoper
2 Revision 2, 15.ful-03, by DJ Kenoyer
3 106% Rev 1, 28-Jul-03, by DJ Kenoper / Changed Tank Thickness to he MORE Conservative to 174" from 3/16"
4 Draft FINAL, 29.Sep-03 by DJ Kenoyer / Changed Tank Thickness from 1/4" to the 172" found during September 2003 Tunk Sampling efforts by BBIF]
5 07-Nov-03 by DJ Kenoyer / Tank Exterior Tar Couting Thickness from 172" to 1" found durving September 2003 Tank Sampling efforts by BBWY
6 20-Now-03 by DJ Kengyer / Tank Exterior Tar Coating Thickness 1/16" confirmed by BEWI ===> NOT 12" 0 1" as repovied earlier
7 01-Dec-03 by DI Benoper / Tunk Stecl thickness 578" confirmed hy BBR 1 ===> NOT 12" as reported carfier [Revision 4f

Original Configuration

Weight
Description diameter  length depth Area Thickness  Unir Tank Added Total Half-PMZA
(linea! feer) {square feet) (inches} (bs/sf) flbs} bs} f1bs) (Tbs)
Weight Calculations
7 5/8 25.60 61,575 4310 65,885 32,943 7
7 Spedhic Weight of "TAR” 72 Ibs per cubie foot 0.06 0.38 902 63 965 483 ¢
33425 T&S
1n 2040 49,068 3435 2,502 - 26,251 4
Specilic Weight of "TAR" 72 s per cubic fuot 0.06 0.38 902 43 965 483 ¢
26,734 4&6
PM2A Tank 12.5 55.0 2,4053 3/8 15.30 36,801 2,576 39,377 19,688
5/16 12.80 30,788 2,155 32,943 16,471
Assume Tank Ribs and Manways ==> 7.0% Added Weight 1/4 10.2¢ 24,534 1,717 26,251 13,126 3
3/16 7.65 18;400 1,288 19,688 9.844
1/8 5.10 12,267 859 13,126 6,563
Weight
Description width length  height Length Width Unit THA Added Total
(lineal feet) (linealfeetj (lineal feet) (lineal feet)  (lineal fee}  (@bs/lf) is) abs) {Ibs)
2 Weight Calculations for RUBB THA Shebter
THA 8 Meter 26.2 65.0 40.0 26.2 5,050 5,050
N 25.0 71.00 1,775 1,775
Percentage Contingency for Added Weight Associated with Lifting System => 5.0% 350
7,175
2 Weight Calculations for RUBB Speciat Shelter
THA 22'0" Walls 16.0 35.0 35.0 16.0 8.0 4,480 4,500
Percentage Contingency for Added Weight Associated witk Lifting System —> 5.0% 230
4,730
. Weight
Description width length  thickness Volume Unit  Precast  Added Total
) fineal fee) (lineal feet) (lineal feet) (cubic feet) s/ (bs) (Tbs) {bs)
2 Weight Calculations for Precast "C" Section Shielding Concrete
Sides 2 6.0 9.8 0.75 87.8 145.0 12,724 12,724
End 1 6.0 138 0.75 62.2 145.0 9,024 9,024
Percentage Contingency for Added Steel Reinforcing =—> 4.5% 980
R
Technical Specifications for Grove Mobile Hydraulic Crane GMK5240 [240 ton crane} Whole Tank Half Tank
Boom Extension Boom Angle Lift Capacity 52,502 26,251
26,734 4&6
(Ibs} (bs)
(b-lingal feet) (h-lineal feet) (degrees) {Ibs) Percent Lift Capacity
105.0 80.0 40.4 53,000 09.1% 49.5%
121.0 100.0 343 36,000 145.8% T2.9%
136.0 1100 36.0 32,200
151.0 120.0 374 24,800

Distance from C/L Craneto C/L of Load =—> (h-lineal feet)

Horizontal Distance - Crane fo Tank Lift Capacity _Percent Loading

Grove 5240 Counterweights 154,300 pounds V-13 East Tank 80.0 h-lineal feet 53,000 49.5% 4

Qurrigger Status - Extensions 100% 273" Spread V-14 ‘West Tank 100.0 h-linesl feet 36,000 72.9% 4

Crane Ratation Status 360 degrees RUBB THA 26.2'x65.0 110.0 h-lineal feet 7175 32,200 22.3% 4
Precast "C" Shape 110.0 b-lineal feet 22,728 32,200 70.6%

Long High Capacity Trailers Available ==> 2003 Fontaine Specialized TDFT Telescoric Step, Drop Decl Extendable
102" wide / 48*-69" deck / 80,000 lbs capacity
Horizontal Distance - Crane io Tank Lift Capacity Percent Loading

V-13 East Tank 80.0 b-lineal feet 53,000 50.4% 4 &6

V-14 West Tank 100.0 h-lines} feet 36,000 T4.3% 4 &6
RUBB THA 262'x65.0  110.0 h-lineal feet 7,175 32,200 22.3%
Precast "C" Shape 110.0 helineal feet 22,728 32,200 *70.6%

Horizontal Distance - Crane 10 Tank Lift Capacity _Percent Loading

V-13 East Tank 80.0 h-lineal feet 53,000 63,1% 7&6
V-14 West Tank 100.0 h-lineal feet 36,000 O2.8% T&6
RUBB THA 26.2'x65.0  110.0 h-lineal feet 7,175 32,200 22.3%

Precast "C" Shape 110.0 h-lineal feet 22,728 32,200 70.6%
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464 / Tools and Techniques in Failure Analysis

[t was noted that Eq 15 is the equation of a circle
with axes ¢ and 1 and centered on the o axis

with:
(cr‘( +0, ]
center = '—')——-
- (Eq 16)
and radius, R, given by:
2 (G; +ov}2 )
R = = +15
2 (Eq 17)

The result is that stress transformations can be
performed by using the geometric principles of
a circle, For example, if stresses are known ata
point, they are plotted on a figure that has hori-
zontal axis o and vertical axis 7 so that (,, T,)
is the coordinate point at horizontal position a,
and vertical position 1., and so that (Gy, 1) is
the coordinate that corresponds to 6, and T,,.
Since the center of the circle is on the o axis,
this can be easily found by Eq 16. The radius of
the circle is given by Eq 17. From this, the entire
circle can be drawn. This is illustrated by the
schematic Mohr’s circle in Fig. 5.

Then for a rotation of axes by 8 in the stress
element, the position on the Mohr’s circle must
go through a rotation of 20 in the same direction
but around the circumference of the circle. Every
point on the circle corresponds to a possible
stress pair. Note that a rotation of 180° of the
circle corresponds to a rotation of the stress ele-
ment by 90° so that o, is transformed to o, as
shown in Fig. 5.

Principal Stresses. The purpose of a stress
transformation is mainly to find the stresses that
can be used in a failure criterion. These would
be either the largest magnitude stresses in any
direction or the magnitude of stresses on a weak
plane. For the former, the extreme stresses can
be found by taking Eq 11 and applying the cal-
culus principle doy/d0 = 0. That is, principal
stresses are normal (perpendicular) stresses on
planes for which the shear stresses are zero. The
values of principal stresses are given by:

3
9, (Gt ), 2
N e R

where the positive radical gives a maximum
stress labeled o, and the negative radical a min-
imum stress g,. Notice that the positions of the
extreme stresses are the points on the Mohr’s
circle where the circle crosses the ¢ axis (hori-
zontal axis) (Fig. 5).

The right side of the circle corresponds to a
maximum normal stress and the left side to a
minimum stress. These stresses as called prin-
cipal stresses and are often labeled o, and o,.
Notice that the extremal stress given by Eq 18 is
.quivalent to taking the center * the radius of
the Mohr's circle. In this way the extreme values
of stresses can be easily found by simply using
the Mohr's circle.

o
0,0, =

[ ]

(Eq 18)

The maximum shear stress, T, can also be
found by taking 7, from Eq 12 and vsing the
calculus principal dt,.,/d9 = 0. This results in:

2
G,+0
T =% (—T——’—J +12,

(Eq19)

The value of 1, is the radius of the Mohr's
circle, and the corresponding points on the
Mohr’s circle are at the top and bottom of the
circle as shown in Fig. 5. The maximum shear
stress could also be written as:

G -G,
Tm-—-—'i—'

(Eq 20

Note that the maximum pormal stresses are
defined at a position where the shear stresses are

_ zero. A plane with zero shear stress is defined as

a principal stress plane, that is, a plane having
only normal stresses. This can be extended to
three dimensions. Given a symmetric stress ten-
sor as defined previously, a transformation is de-
sired to a plane that results in the stress tenser
having only normal stress components; all shear
components are zero. This would be given by:

G 0 0
0 o, 0
0 0 o,

center

Gz\/<

The transformation results in a cubic equation in
o given by:

-+ Lo -1, =0 (Eq 21)
where
I=0,+0,+0,
I;=0,0,+06,0,+6,6, - 15, - 1% - 14

- 2
l;=0,0,0,+21,17,1, — 0,1,

el el
C,TH — G, Ts (Eq 22)

The values of the coefficients, I,, L, and /; are
called the stress invariants and are independent
of the coordinate system used to describe the
stress state. However, here they are used to solve
the stress cubic given in Eq 21 so that three prin-
cipal stresses result: 0|, 65, and ;. In three di-
mensions, the maximum shear stresses can be
found in the same way to the 2D stresses, that is
as one-half the difference of any two principal
stresses.

If stresses oy, O, and oy are ordered from
maximum to minimum, then the absolute max-
imum shear stress in three dimensions is:

0, -G
T ==l
max(abs) 2

(Eq23)

The transformation of stress in three dimensions
can be made with equations like Eq 14. For this
transformation, a circle like the Mohr's circle

Oy, Ty

8]

o
© / c

\‘2

radius

T

max

Flg 5 Mohe's circle for two-dimensional stress transformation



CUBIC EQUATION CALCULATOR rage 101 1

__ Cubic Equation Calculator

Input MUST have the format: AX3+BX2+CX+D=0

EXAMPLE: If you have the equation: 2X> - 4X2 - 22X +24=0
then you would input: A= 2 B=-4 C=-22 D=24

Click EN T E R and your answers should be 4, -3 and 1

A=1 B=s16 C=3s32 D=0

| ENTER |

X = 9.07010953316897 _

X,= -3.89410053316897

X;=0

To see the method for solving cubic equations, click HERE

Copyright © 2000 1728 Software Systems

-http/fwww. 1728.com/cubic.htm _ 12/3/2003



By Joan M. Lessells and G. 8. Cherniak

8. COMBINED STRESS

Under certain circumstances of loading a body is subjected to a combination of tensile,
compressive, and/or shear stresses. For example, a shaft which is s.imultaneously bgnt
and twisted is subject2d to combined stresses, namely, longitudinal tension and compression
and torsional shear. For the purposes of analysis it is convenient to reduce such gystems
of combined stresses to a basie systemn of
stress coordinates known as principal stresses.
These stresses act on axes which differ in gen-
eral from the axes along which the applied
stresses are acting and represent the maxi-
mum snd minimum values of the normal
stresses for the particular point considered.

Determination of Principal Stresses. The
expressions for the principal stresses in terms
of the stresses along the z and y axes are

—_ 4
o= T2 /(ff__z_@) NP
2

2

“_a_'*‘_@ - ‘\[(M) + ot (D)

Og = 5
2 = Fre. 1. Diagram showing relative orieniztion

> of stresses. LReproduced with KnodiﬁC&t.iou by

, / Oz — Oy i 2 3 permission from Mechanical Froperties of M ate-

T1 = = 5 T Ty (3) rals and Design, by Joseph Marin, MceGraw-Hill

Book Co.)

where o1, o3, and 731 are the principal stress
components and ¢z, 6y, and 7z, the calculated stress components, all of which are deter-
mined at any particular point (Fig. 1).
Graphical Method of Principal Stress Determination—~Mohr’s Circle. Let the axes
z and y be chosen to represent the directions of the applied normal and shearing stresses,
respectively (Fig. 2). Iay off to suitable scale distances 04 = ¢y, OB = @z, and BC =
AD = 7., With point E as a center construct the circle DFC. Then OF and O are the
principal stresses ¢; and os respectively, and EC the maximum shear stress ;. The inverse
also holds: that is, given the princi-
pal stresses, o and o, can be
determined on any plane passing
through the point. '
Stress-strain Relations, The lin-
o ear relation between components
Tenste Of stress and strain is known as.
__lynomal - Hooke's law. This relation for the
Bl jF stess two-dimensional case can be ex--

tr+ ay,

o= (252) 4 A (552) 4,

Clockwise
shearing stress

|
|
1
|

£
3
D
@
g
%

a3
3
)

s, pressed as
28 ‘ L ) @
= €& = — {0, — »o 8
g go Ed T E, z b7 7
25 -
B
g~ ) o=zl —v) (5
F16.2. Mohr's circle used for the determination of the prin- Nzy = 1 r ‘ (6)-
cipal stresses. (Reproduced with modification by permis- 4 G '™

sion from Joseph Marin, op. cit.)
where o,, oy, and 7,y are the stress

components of a particular point, » = Poisson’s ratio, £ = modulus of elasticity, G ="'
modulus of rigidity, and €, €, and vz, = strain components. '
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Consolidated Rigging & Manne Supply - Jacksonvilie, Florida rage 1 o1l

Consolidated
Cable Rigging & Marine Supply

Cordage

Chain 4700 N, Pearl Street

Cargo Nets  Jacksonville, Florida 32206
Slings

(800) 445.8965 {toll-free) - {904) 765-2056 [fax]

Specialists in Rigging, Slings, Cable, Chain and Lifting Products...

& home page For a Full 85 Page Catalog, please contact us.

&)

about us PAGE 1 - Slings with Chokers, Baskets, 2-legged/4-legged Spreaders
PAGE 2 — No. 105-A Sling with Single-Rope Legs and Torpedo Loop-Locks
PAGE 3 - Slings with Single-Rope Legs and Open/Closed Swaged Sockets
catalog PAGE 4 - Chain Slings - Single, Double, Triple, Quad and Standard

PAGE 5 — Wire Rope

line card

&

2

# contact us
PAGE 6 — Galv. and Stainiess Wire Rope
i3 safety class PAGE 7 - Endless Round Sling

PAGE 8 ~ Nylon Web Products - Eye, Eye Siings and Endless Slings

(V)

related links
PAGE 9 - Important Features to look for in a Quality Sling...

[ home page ] [ about us ] [ line card ] [ catalog ] [ contact us ] | related links ] [ Te

4700 N. Pearl Street, Jacksonville, Florida 32206 | (800) 445-8965 {tollfree) | (904) 765-2056 (fax)
Copyright 2002 Consolidated Rigging & Marine Supply | location map | city map | webmaster

http://www.consolidatedrigging.com/catalog . htm 10/15/2003
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4700 N. Pear] Streot
Jacksonvilie, Florida 32206
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Slings with Chokers, Baskets, 2-legged/4-legged Spreaders...

rage 1 oI 1

[ <Previous T SUNG | CHOKER | BASKET |24E6GED 1 T
- & 6x 15 ! SPREADER i SPREACER

' cllQ? SIZE | 5o O U A AN
sxwrenc fuzsaowmc loaemnc| MY ® 0w i »- :
5 | we 56 | 56 a2 | 11 14 87 bore | 29 19 ]
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?o3 | e | 27 | 2 21 | 55 | 53 | a8 a9 1" 95 7
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Rigging & Marine Supply

4700 N. Pear! Street
Jacksonville, Florida 32206

(800) 445-8965 (toll-free} - (904} 765-2056 {fax]

Nylon Web Products - Eye, Eye Slings and Endless Slings...

[ <Previous |
Print Page |

EYE EYE (FLAT OR TWIRTED EYE)

CONSOLIDATED RIGGING

NYLON WER PRODLICTS
MFG IN OUR SAVANNA GA_PLANT

Yr 4 TYPE

ENDLESS SLINGS (MOST VERSAYILE WFR L

T Fwd Capeciiien in Lbs. Tisiad Capachien in Lbe.

, Code {Veriles | Choker | V- Baakal Cade “Varikcal | Choker ] V.B

Dne EE1-803 1,600 1.250 3200 EH LB 3,200 2.500 s

Py EE 1607 3,200 2500 5,400 ENVODE 6,400 5,000 12

EE1400 #1800 2800 9,500 ENIBDS 8,800 £.500 17

EE1-004 8,400 5.000 12,800 EN1B04 11,500 9,200 2

EE1-80% 8,000 6,400 16,500 EN18D5 12,600 10,900 27

EE 1508 H 2600 .70 19200 EN1B08 16,300 13.000 32

EE G080 12800 10,200 25,600 ENTH08 19.200 15,400 38

EE 1810 16,000 12800 2000 ENay 22,400 12,900 44

EE 1817 19200 i 15400 38,400 ENI8I2 20.900 2,500 5

Two £E2801 2200 2500 £,400 B2 80 6.200 4.900 12

Ply EE2.800 5,400 5000 12.800 ENZH02 12,200 2,000 24

£E2 80 2800 £300 17.200 EM2800 18300 13,000 ]

EE2804 11,500 2200 23000 EH2H04 20,700 16500 Py

£E2805 12,600 10,800 27200 EN2:805 20500 19,600 as

LEz 808 16,700 12000 32,600 EN2808 26600 22000 Pt

EE2008 19,200 15,400 38400 EN2-008 0,700 24,500 81

EE2810 2400 17.500 44 800 ENZD 23,600 2000 &

EC2017 26,900 24,500 53500 ENZ B2 27 800 20000 78

" hree EE3401 T 4300 3.300 §.200 ENG-80 8000 400 1t

| Py 00 5,800 16,600 END02 16.000 12.000 ]
Strep 3| voom0 | 24600 En3800 21500 | 17200 | @
| — 7 ‘cesee £ 12800 2000 EN3 04 20700 23,000 57
. E3 805 [ Y 1] 15,400 38 A0 ENIB05 .000 2r.200 o

LEMB06 . 23.000 1400 | <6000 EN3-808 40,700 #42.500 "

£E2808 | 2700 24500 £1.400 £/3808 45,000 36,800 %

£E€38% | B0 29400 73600 ENID10 51.500 41200 | 100

EE3S12 | 44000 35,200 000 €M3.012 59,200 aT300 | I

oner EE4p0! ] £.000 4000 10.000 ENLD0 10.000 8000 o

iy EE4802 10000 2000 20,000 ENG802 19.800 15,800 »

E£4803 18900 £1.900 25,800 EN4803 26.700 21.300 0

EL4-804 19,800 15,800 39400 ENaHOL 25,800 .400 n

EE4805 24,800 19,800 8,800 EN4-805 42200 0700 .

i EE 4S8 1 29800 23800 £9.500 £14.008 50,500 W0 | 1

; EE4808 22700 21700 78400 EHa-008 $7.600 A0 | 1

! EE4810 49600 20,600 99,200 EN4 81D 67200 M0 | M

! EL4812 $9.500 AT600 | 115000 El4 812 20,700 84500 | 1B
http://www.consolidatedrigging.com/8 html 10/15/2003
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EDF Title: TSF-26 PM2A HALF-TANK LIFTING LUGS DESIGN
Project No.: 2000-096 ) Project Title: OU 1-10, TSF-26 REMEDIATION
Project Specific Activity: PM2A HALF TANK LIFTING LUGS DESIGN AND CALCULATIONS

\Problem Statement:

Design lifting Iugs with tank reinforcing pads that can be welded to the PM-2A top and bottom half tanks and used to attach
the rigging to lift the half tanks.

Summary of Conclusions:

The design chosen is to weld ¥ inch steel plates 2 ft long and 1 ft high to the outer surface of the tank at the locations of the
reinforcement ribs where the rigging is to be attached and to weld 3/4 inch lugs to the plate to attach the rigging. A finite
clement structural analysis model of this design shows that the stresses in the tank wall are below 1/3 of the yield strength
and the factor of safety of 3 as required by the DOE-STD-1090 reference to ASME B30.20-1.2.2 for “Below the Hook Lifting
\Devices” 1s met.

REVIEW AND APPROVAL SIGNATURES:

! TYPED NAME/ORGANIZATION SIGNATURE : DATE

PREPARED BY: Lowell Magleby /)/W % Wé Y M /‘L/ 4 / 03
CHECKED BY: ‘L(E\JIN §H/WEJ‘C % 1:‘ é I!Z ~ J {/?/0'5

INDEPENDENT 4

REVIEWER
APPROVAL: o . .
G Ary Mcepirn »/%», b4z, AL ‘e /3,8
/
Distribution:

Registered Professional Engineer's Stamp (if required)




EDF Title: TSF-26 PM2A HALF-TANK LIFTING LUGS DESIGN EDF No. 096-012A

Project No.: 2000-096 Rev. No.: 0

Project Title: OU 1-10, TSF-26 REMEDIATION Page 20of8

Prepared by: L. Magleby Date: 03-Dec-03  Checked by: Kevin Shaber Date:03-Dec-03
PROBLEM STATEMENT:

TSF-26 Site Remediation Operations require the cutting and removal of the PM2A Tanks [V-13 (East
Tank) and V-14 {West Tank)] halves in conjunction with waste removal operations.

Design lifting lugs with tank reinforcing pads that can we welded to the PM-2A top and bottom half tanks
and used to attach the rigging to lift the half tanks. This is an alternate method

The half tanks each weigh 33,425 Ibs. The half tanks are to be lifted with a mobile crane using a single
hook. The tanks are to be rigged near the two end internal rib stiffeners of the tank each located about 11
feet from their respective ends. The rigging will use a spreader bar so that the lifting points will be directly
above the rigging location at the stiffeners. The length of the rigging from the spreader bar to the tank will
be of a length so that the angle of the rigging from the lugs welded to each side of the tank, about 12 ¥ feet
apart, to the attachment points on the spreader will be about 35° from vertical.

ASSUMPTIONS:
The Assumptions utilized in the performance of these calculations are outlined below:
o  Thickness of the PM2A Tank walls to be 5/8”
e Thickness of PM2A Tank Exterior TAR Coating was confirmed to be 1/16” and NOT the previously reported
1°2” to 17 thickness range.
s Calculated Weight of the PM2A Tank Half is 33,425 pounds

REFERENCES:
EDF-0960012 Rev.2
DOE-ID Order 440C
DOE-STD-1090-2001
ASME B30.20a-2001

ACCEPTANCE CRITERIA:

The stresses in the tank wall will be less than 1/3 of yield stress to meet the intent of the DOE-STD-1090
reference 10 ASMEB30.20a. The design of the pads to be welded to the tank wall and the lifting lugs will
have a factor of safety of 3 to be in compliance with the DOE-STD-1090 reference to ASMEB30.20a.

DESCRIPTION OF DESIGN:

The design is shown on Drawing M-6 included in the design submittal and is shown on the attached sketch.
The design is to weld a % inch steel plate 2 ft long by 1 ft high to the outside surface of the half tanks at the
location of the rigging points at the end stiffeners located about 11 feet from thier respective ends. Lifting
lugs fabricated from 3/4 inch steel plate are welded to the % inch steel plate at the rigging attachment plates.
The lifting lugs are sized for attaching 1 inch shackles.




EDF Title: TSF-26 PM2A HALF-TANK LIFTING LUGS DESIGN EDFNo.  096-012A

Project No.: 2000-096 Rev. No.: 0
Project Title: OU 1-10, TSF-26 REMEDIATION Page 3of8
Prepared by: L. Magleby Date: 03-Dec-03 Checked by: Kevin Shaber Date:03-Dec-03

DESCRIPTION OF ANALYSIS:

A three dimensional finite element model was made of the plate attachment to the tank outer surface using
the RISA 3D structural analysis program. The support of the plate by the tank wall was approximated by
modeling a section of the tank wall one foot greater than the size of the plate at each side and fixing the
outer edges. Flat plates were used in the model to simplify the modeling but curved plates would be
expected to be stronger; therefore, the model is considered to be conservative. The model is rather coarse in
that the number of flat plates used to formulate the model is not large. However, care was taken in
formulating the model to assure that there were sufficient plates so that parts were connected by at least the
node points. The model is shown in the attachment titled RISA 3D Analysis.

The design is the same for the top half tank and the bottom half tank. However, the direction of the load is
away from the free edge for lifting the top half tank and towards the free edge for the bottom half tank.
Analyses were made with the force in both directions.

The lifting lug was analyzed manually as was done in the design of the lugs for the spreader bar. See the
EDF 096-012 included in the Design Submittal. The analyses for the lug for this application are included in
the Attachment Lifting Lug Analysis.

ANALYSIS RESULTS:

The results of the analyses are shown in the attached table, Results of Analyses of Half Tank Lifting Lugs
for PM-2A Rigging. The stresses were higher for the bottom half tank with the lifting force towards the
free edge. The results are in the table for this case. The complete RISA 3D results for both cases are
included in the attached RISA 3D Analysis. The RISA 3D results given in the results table only gives the
stresses at the center of the small plates used to formulate the model. The highest stresses usually occur at
the edges of the small plates. The contour plots of the results provided by RISA 3D show extrapolation of
the stresses to all points in the model. The stresses for the half tank wall and the 2 inch plate welded to the
half tank were taken from the counter plots. Narrow Y plates were used to model the welds between the half
thank wall and the % inch plate and the stress at the center of these narrow plates from the results table were
used for the welds.

The result is the table showing that the acceptance criteria are met and the design is acceptable.



EDF Title: TSF-26 PM2A HALF-TANK LIFTING LUGS DESIGN EDF No. 096-012A
Project No.: 2000-096 Rev. No.: 0
Project Title: OU 1-10, TSF-26 REMEDIATION Page 4 of 4

Prepared by: L. Magleby Date: 03-Dec-03 Checked by: Kevin Shaber Date:03-Dec-03

Results of Analyses of Half Tank Lifting Lugs for PM-2A4 Rigging

PART ACCEPTANCE SPECIFIED ngng‘?’R CALCULATE SAFETY
REFERENCE ACCEPTANCE STRESS FACTOR
FACTOR
Intent of DOE-STD-1090 { Safety factor of] Von Mises
Half tank wall| 14.2.1 which invokes | three basedon| Fy=36ksi | Stress=11.7 3.08
ASMEDB30,20-1.2.2 yield strength ksi
DOE-STD-1090 14.2.1 |Safety factor of! Von Mises
 in. plate which invokes three based on | Fy,=36ksi | Stress=11.7 3.08
ASMEbB30,20-1.2.2 yield strength ksi
Weldof Yain | Max shear
plate to half Alciiﬁ:t‘:z;‘}gsfd 03F, 21.0ksi | stress=3.63 5.78
tank wall ) ksi
Lifting lug | DOE-STD-1090 14.2.1 |Safety factor of]
which invokes three based on | Fy =36 ksi 3.04 ksi 11.84
. ASMEDb30,20-1.2.2 yield strength
Tension stress
Lifting lug | *AISC Manual of Steel _ . .
bearing stress Construction 13 7 F,=1.F,/2d 51.6 ksi 12.09 ksi 4.27
Liftinglug [ *AISC Manual of Steel .
fillet weld Construction J2.2 03 Fy 210kl 306 6.86

* DOE-STD-1090 Section [14.2.1 invokes ASME B30.20-1.2.2 which specifies a safety factor of 3 based on yield stress.
The allowable values for the stresses for the items marked with an asterisks are not usually based on the yield stress;
therefore, the allowable values for these stresses from the AISC Manuat of Steel Construction were used but the
requirement used in the design was that the safety factor based on these stress must be greater than 3.



INEEL BBWI RFP-394 RD/RA Work Plan for WAG 1-10 ===> Crane Lifting / Loading Calculations

WAG 1-10 Sites TSF-26, TSF-03, and WRRTF-01
INTREPID prepared Revisivn 8 daved - 13-201-2003, by DJ Benayer, Checked by 1 Duivin

1 Revision I, 24-Feb-03, by D Kenoper
2 Revision 2, 15-Jul-03, by DJ Kenoper

3 100% Rev 1, 28-Jui-03, hy DJ Kennyer/ Changed Tunk Thickness 1o he MORE Conservative 1o 14" from 3/16"
4 Draft FINAL, 29-Sep-03 by DI Kenoyer / Changed Tunk T “hickness from 14" 10 the 12" found during Seprember 2003 Tunk Sumpling cffores by EBIVT
5 07-Nov-03 by DJ Kenoyer 7 Tank Exterior Tar Coating Thickness from 172" 10 1% Sound during Seprember 2003 Tank Sumpling cfforts by BBWI

& 20-Nev-03 bp DJ Kenoyer/ Tank Exterior Tar Coating Thickness 118" confirmed by BBW) ==> NOT 12" 10 1" us reporsed enriier
7 01-Dec-03 by 10 Kewnyer / Tanh Stevd thicknesy A" confirmed by BBWY === NOT 129 ay veported carlior [Revision 4]

Original Configuration

ilr WNrepkd sethnoiogy & ssourcs:
SRR

Weighr
Description diameter  length deptl Area Thickness  Unit Tank Added Total Half~PM2A
(lineal feeg) (square feer) finches) (hs/sf) {lbs) (lbs} {ibs) (ibs)
Weight Calculations
7 518 25.60 61,575 4310 65,885 32,943 7
7 Specific Weighl of *“TAR" 72 1bs per tubsic fool 0.06 0.38 902 63 965 483 6
33,425 T&6
12 20.40 49,068 3435 52,502 26,251 4
Specific Weight of "TAR" 72 s per eubie fou 0.06 0.38 902 63 965 483 &
T 26,734 446
PM2A Tank 12.5 55.0 24053 3/8 15.30 36,801 2,576 39,377 19,688
5/16 12.80 30,788 2,155 32,543 16,471
Assume Tank Ribs and Manways ===> 7.0% Added Weight 1/4 1020 24,534 1,717 26,251 13,126 3
3/16 7.65 18,400 11,288 19688 9:844
1/8 5.10 12,267 859 13,126 6,563
Weight
Description width length  height Length Width Unit THA Added Total
(linenl fees} (linea! feet) (linenl feet) (linen! feet)  (lineal fee)  (Ibs/lfy bs) (Ibs) 1bs)
2 Weight Caleulations for RUBB THA Shelter
THA 8 Meter 262 65.0 40.0 26.2 5,050 5,050
25.0 71.00 1,775 1,775
Percentage Contingency for Added Weight Associated with Lifling System ==> 5.0% 350
7,175
2 Weight Calculations for RUBB Special Shelter
THA 22'0" Walls 16.0 35.0 35.0 16.0 8.0 4,480 4,500
Percentage Contingency for Added Weight Associated with Lifling System => 5.0% 230
4,730
Weight
Description width length  thickness Volume Unit Precast Added Total
(lineal feet) flineal feet) (lineal feer) {cubic feet) (Ibs_/.c_ﬂ ) (ibs) bs) - fibs) »
2 Weight Calculations for Precast "C" Sectien Shielding Concrete
Sides 2 6.0 9.8 0.75 87.8 145.0 12,724 12,724
End I 6.0 138 0.75 62.2 145.0 9,024 0,024
Percentage Contingency for Added Steel Reinforcing => 4.5% 880
22,728
Technical Specifications for Grove Mobile Hydraulic Crane GMKS249 [240 ton crane] Whole Tank Half Tank
Boom Extension Boom Angle  Lift Capacity 52,502 26,251
26,734 4&¢
(lbs) {ibs)
{b-lineai feet) (I-lineal fee() {degrees) {lbs) Percent Lift Capecity
105.0 0.6 404 53,000 99.1% 49.5%
1210 100.0 343 36,000 145.8% 72.9%
136.0 110.0 36.0 32,200
151.0 ‘12000 37.4 24,800
Distance from C/L Crane to C/L of Load ===> [h-linen! feet)
Horizonta! Distance - Crane 1t Tank Lift Capacity _Percent Loeading
Grove 5240 Counterweights 154,300 pounds v-13 East Tank 80.0 h-tineal feet 53,000 49.5% 4
Outrigger Status - Exiensions © 100% 27'3" Spread V-14 West Tank 100.0 h-lineal feet 36,000 72.9% 4
Cranc Rotation Statut 36C degrees RUBB THA 26.2° x 65.0 110.0 h-lineal feet 7,175 32,200 223% 4
Precast "C* Shape 110.0 h-lineal feet 22,728 32,200 70.6%
Long High Capacity Trailers Available => 2003 Fontaine Specialized TDFT Telescopic Step, Drop Decl Extendable
162" wide / 48'-69' deck [ 8,000 Ibs capacity
Horizontal Distance - Crane to Tank Lift Capacity Percent Loading
V-13 East Tank 80.0 h-lineal feer 53,000 S0.4% 4&6
V-14 West Tank 1000 h-lineal feet 36,000 T43% 4&46
RUBB THA 26.2'x 65.0 110.0 h-lineal feet 7175 32,200 22.3%
Precast "C" Shape 110.0 h-lineal feet 22,728 32,200 70.6%
Horizontal Distance - Crane 1o Tank Lift Capacity  Percent Loading
v-13 East Tank 80.0 h-lineal fect 53,000 63.1% T&6
V-14 West Tank  100.0 h-lines! feet 36,000 $2.8% T &6
RIUBB THA 26.2'x 65.0 110.0 h-lineal feet 74175 32,200 22.3%
Precast "C" Shape 110.0 n-lineal feet 22,728 32,200 70.6%
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RISA 35 ANALYSIS



RISA 3D ANALYSIS

UPPER HALF TANK
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Company : Intrepid Technology and Resources, Inc. December 2, 2003
Designer : ITR €:21 PM
Job Number : PM-2A Tank Lug Checked By:

Joint Coordinates

Joint Label X Coordinate Y Coordinate Z Coordinate Joint Temperature Detach from
{in) {in) {in}) (F) Diaphragm
N1 : 0 No
N2 12 ! No
N3 24 No
N4 - 36 No
N5 48 No
NB 0 No
N7 12 No
N8 : 24 No
NS 36 Na
N10 R 48 No
‘ No
No
No
No-: -
No
No i
No
NO :
No

e

¢ooo¢;ooooooooooooooo

N19 36
e No:
No
No— .
No
No i
No

=z

-—

o

o

1)
dao:dacr;;ioggﬁﬁgsgg,@r\;@mmmmooooo

N

No

—
—~

Fad
RN
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RISA-3D Version 4.5b [CARISAVPM-2A\Tank lift pad .625 wall.r3d] Page 20



Company : Intrepid Technoiogy and Resources, Inc. December 2, 2003
Designer : ITR 8:22 PM
Job Number : PM-2A Tank Lug Checked By:

Plate/Shell Elements
Plate Label A Joint B Joint C Joint D Joint Material Set  Thickness  Stress Location inactive?

{in) R' 'S'
il !

P1 N1 T N6 N7 N2 STL 625
p2 N2 N7 ‘ N8 N3 STL 625
P3 N3 N8 ‘z Ng N4 | STL .625
P4 N4 N9 | N10 N5 I 8TL .625
P5 N6 N1 i N12 | N7 STL | .825
P6 N7 N12 - N13 N8 STL 625
! P7 N8 N13 N14 NO STL 625
P8 N9 N14 N15. - N10 STL 625
P9 N11 N16 Ni7 N12 STL 625
P10 N12 N17 N18 - N3 STL . 625
P11 N13 N18 N19 N14 STL 625
pP12° N14 N19 N20 N15 STL 625
P13 N21 N2 N3 N22 STL 625
P14 ~N22 N3 N4 N23 STL 625
P15 N23 | N4 N9 N26 STL 625
P16 % N26 = NG N4 [ N29 _ STL - 625
P17 N28 | N13 N14 N29 STL 625
P18 [ N2 N12 - N13 - N28: STL | .625
P19 N24 N7 N12 N27 STL 625
P20 il N24 ST N2 o N7: - -]: '‘N24. | ~ STL 8
P21 . N21 N22 N25 N24 STL
e P22l N22 0 [ N28 . 0 N26 [ N5 - 8TL
J P23 N25 N26 N29 | N28 STL 625
L P2g o o N2ge ) N25 - N28 0 b N27 oL STL s r 0 8250
P25 N30 N22 N34 N35 STL 75
o P26 N35 [ N34 [ N2s b N31 o STL 75
P27 N32 N30 N35 N36 STL 75
P28 | N36 | o N335 [ N3t [0 N33 . STL o o ThE
N3 N37 N38 N8 STL 1
N8 & N38 | - N30 - | ~Ni3: = STL 1 1 . |
N13 N39 N4D | N18 STL 1

SRAN S

+
[9)]
[
W

oplololooiolo|ololo|o|ololo|ojo|olo|o|oo|o|o|o|olojoo|olo
ololo|o|oolo|oo|olojo|o|tio|o|o|d|ojo|o|o|o|o|olojo|o|o|o|o
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RISA-3D Version 4.5b [CARISA\PM-2A\Tank lift pad .625 wall.r3d] , Page 21



Company : Intrepid Technology and Resources, Inc.
Designer
Job Number : PM-2A Tank Lug

December 2, 2003
8:22 PM
Checked By:

Joint Loads/Enforced Displacements, Category : None, BLC 1 : Lower Half 5/8 wall

Joint Label [LJoad [Mlass,or Direction Magnitude
__[Dlisplacement {K, k-in, in, rad, k*s*2/in)
N35 | L Y -10.2 }
N35 i L ' Z =585 =

RISA-3D Version 4.5b

[CARISAVPM-2A\Tank lift pad .625 wall.r3d]

Page 22



December 2, 2003

Company : Intrepid Technology and Resources, Inc.

Designer 6:23 PM

Job Number : PM-2A Tank Lug Checked By:
Reactions, By Combination

LC Joint Label X Force Y Force Z Force X Moment Y Moment Z Moment

(k) (k) (k) (k-in)_ (k-in) (k-in)

2 N1 919 425 449 024 -2.887 0

2 N6 .831 =311 .207 -.101 -1.224 D

2 N11 .83 -.257 .002 -.125 -.5509 0
|2 N1i6 .215 -174 .048 -.238 -.262 0-

2 N17 -.01 -.185 158 -1.434 -.158 0

2 N18 0 11.849 -.498 -3.133 0 0

2 N40 0 -19.199 4.618 D 0 0

2 ‘N19 01 =185 - 158 -1.434 158 0

2 N20 -.215 -174 .048 -.238 262 0

2 N15 = - -.83 -251 002 =125 559 0

2 N10 -.831 -.311 207 -.101 1.224 0

2 _N5 S 2919 425 449 024 2.887 0

2 Totals: 0 -8.36 __5.85

2 COG (in): X 24 Y:3 Z:3.5

Page 23

RISA-3D Version 4.5b

[CARISA\PM-2A\Tank lift pad .625 wall.r3d]




Company : Intrepid Technology and Resources, Inc. December 2, 2003
Designer : ITR 6:24 PM
Jobh Number : PM-2A Tank Lug Checked By:

W

Plate/Shell Principal Stresses, By Combination
LC Plate Labe) Surface Sigma1 Sigma2 Tau Max Angie Von Mises
[Tiop / [Blottom (ksi) (ksi) (ksi) (radians) (ksi)

.63 .054 .288 -.614 I .605
-.334 -1.225 445 - -152 1.087
-.319 -.632 156 705 b47
1.33 .64 .345 21 1.152
-.319 -.632 .156 -.705 547
1.33 .64 .345 -.21 1.152
63 | .054 288 614 605
-.334 -1.225 445 152 1.097
331 053 139 -.554 308
.06 -.882 471 -.395 914
.194 -.211 202 .325 .351
1.114 312 401 568 : 995 -

1 194 =211 202 -.325 351
1.114 312 .401 -.568 .095

.331 .053 .139 554 .308
0B -.882 = : 471 30550 4 B14 -
282 083 | A 707 251
- 424 000 -415 146 Do T733 00 s 368
458 .004 227 212 456
098 — | -523 311 243 - 1. 579
.458 .004 227 =212 [ 456
w098 s <5280l 31 e 2430 H79
282 .083 A -.707 251
e -A24 - & -415 A46 0 e 733l (380
-1.957 -7.15 2.597
EEB.B03 s Jiee s 1839 o 287

-1.957 -7.15 2.897
TBBO3: 1539 | L 25TE s

-.766 -3.01 1.122
TB.0Q ke 1.0487 00 1.024
‘ -.875 -3.517 1.321
4035 S 207 sl 4%

5.353 1.472 1.941
A 86 e -6.048 0 24160
5.353 1.472 1.941 .
1816 | -BDAB. T 216
4,035 1.207 1.414
U BTR e sB BT B2 e
3.09 1.048 1.021
-.786:: Rt 1122 0
878 403 237
A4 2 0T8T BT :
878 403 237 -152 .761
-.4440 0 o 22,0785 BT 367 i 1.844 7
.22 -.38 3 .556 525
-.848 e 22720 B2 2| 782 i 1.886
22 -.38 .3 -.556 525
TCO4BFe 0 272 00 B2 7820 . 1.886 .
1.588 ‘ -.428 1.008 -.539 1.84
1.588 B - 428 - 0 1.008. o B30 e 1.84 5
.396 -5.282 2.839 -.739 5.491
396 e 5282 2.838 o - 7309 5.49%: 700
.344 -.317 331 -77 573
.344 =BT 331 - 7T YK
151 -.649 4 486 736
A5t - 849 st s A ABB i 73B

2 P1

o=

2 p2

7T

2 P3

S

> ' P4

-

2 P5

7 17 P6

2 P7
|

2 | P8

— P9

P10

‘ N |g®] 3S]

P11

N B

P12

P

LN TN

2 PiT

2 P

_.,.2 L Fig ]

2P0

Wl 572

2 P

,.2 : : st i

2 | Par
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Company : Intrepid Technology and Resources, Inc.

December 2, 2003

Designer : ITR 6:24 PM
Job Number : PM-2A Tank Lug CheckedBy:___
Plate/Shell Principal Stresses, By Combination, (continued)
LC Plate Label Surface Sigmat Sigmaz2 Tau Max Angle Von Mises
[Top / [Blottom (ksi) (ksi) {ksi) (radians) (ksi)
2 P29 T 456 -.272 .364 .539 837
L . B 456 =272 .364 .539 637
2 P30 T .891 -1.324 1.108 .719 1.931
i B 891 21.324 4.108 718 1:931
2 P31 T .239 -2.981 1.61 426 f 3.108
o B 239 ~2:981 .61 426 ; 3.108
RISA-3D Version 4.5b [CARISA\PM-2A\Tank (ift pad .625 wall.r3d} Page 25




GCompany : Intrepid Technology and Resources, Inc. December 2, 2003

Designer 6:24 PM

Job Number : PM-2A Tank Lug Checked By:
Plate/Shell Forces, By Combination

LC Plate Label Qx Qy Mx My Mxy Fx Py Fxy

(kfin} (kfin} (k-in/in) (k-infin) (k-infin} (kiin) (kfin) (kfin)

2 1 P4 004 EE 02 054 | .013 -.034 -239 | 043 ;
2 P2 129 -.078 -036 - | -059- | .01 .069 25 004

2 | P3 129 078 -.036 -059 [ -.01 069 25 | -004

2 P4 .004 -1 02 054 -.013 -.034 | -233 | -043

2 P5 -.008 -.008 007 (032 015 016 | -153 -.066 |
2 P6 =119 -.007 -.013 -.034 016 218 | 223 -075
2 P7 -.119 .007 -013 -.034 -.016 218 223 075 |
2 P8 -008 ! 005 007 I 032 T -p15 1 D16 -.153 .066

2 P9 006 | .007 015 015 .008 -D18 -.037 -.015

2 P10 .032 . -.002 - .03 =001 | .0D8 -.015 .027 -.016

2 P11 .032 .002 03 -.001 -.008 -.015 027 016

2 P12 .006 -.007 015 | 015 -.008 -.018 -.037 .015

2 P13 .066 -.006 -.435 -.129 -.008 -.116 -.157 -.678

2 P14+ .1 D66 1. .DDB. -.435 - -129 ] 006 - :] -116 -.157 678

2 P15 .64 -035 | -197 -.061 -.002 .029 084 -.153

2 P16 541 ] 039 ] -24 -2 -073 - [ 02 ] 109 156 . [ -.232

2 P17 -.607 -.013 .368 A1 -.011 -.197 -127 | 243
D P18 1 -B07: 013 [ 368 a4l 011 [ =197 [ -127 - -243
2 P19 -.541 -.039 .24 .073 -.02 109 . 156 -.232

2 P20 . | -94 | 035 | 197 | 061 [ .002: 0 029 084 [ -153

2 P21 089 -176 078 078 .005 -.494 -.206 -.089
2070 P22 L0890 i =476 e 078 078 | -005 | -494 | . -206 | 089
| 2 P23 -.068 188 053 044 .029 -472 -.553 ~.107
2. P4 i 0BB | 488 [ 053 | 044 S -029 [ -472 | -558- [ 107
2 P25 0 0 0 0 0 792 .666

2 P26 - ) O O e O 0 ,,,,,,, 0 4 R ‘1637 : 212 3
2 P27 0 0 0 0 0 003, -248
S0 PR g B G 0 LD =356 | 248
2 P29 0 0 0 0 0 264 -.32
2.1 P3O [ 0 0. 0 D D -363 | 1.098 |
2] P31 0 0 0 D 0 -2.432 1.211 |

RISA-3D Version 4.5b [CARISAVPM-2A\Tank lift pad .625 wall.r3d) Page 26
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RISA 3D ANALYSIS

LOWER HALF TANK
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Company : Intrepid Technology and Resources, Inc. December 2, 2003
Designer : ITR 6:46 PM
Job Number : PM-2A Tank Lug Checked By:

Joint Coordinates

Joint Label X Coordinate Y Coordinate Z Coordinate Joint Temperature Detach from
(in) (in) (in) (F) Diaphragm
[ N1 - 0 0 ' No
‘ N2 12 No
N3 ‘ 24 No
N4 : 36 No
N5 48 No
N6 0 No
N7 12 No
N8 24 No
N9 36 No
N1D . 48 No
N11 G No
N12 i 12 No
N13 24 No
N14: 36 No
N15 48 No
N16 = 0 i No
N17 ‘ 12 No
N18. - 24 No .
N19 36 No
N20 e e 48 - No:osinis
N21 12 No
N2 pa 5 [ No oo
N23 36 No
IN24 s ey A2 Nosinmns
N25 24 No 1
N26 & i BB )i el Nel it
N27 12 No
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Company : Intrepid Technology and Resources, inc. Deceé’nhtjer 2, 2003

Designer : ITR 6:47
Job Number : PM-2A Tank Lug Checked By:
Plate/Shell Elements
Plate Label A Joint B Joint C Joint D Joint Material Set  Thickness  Stress Location Inactive?
{in) 'R' 'S
L P1 N1 N6 [ N7 N2 | sTL | 625 0 [ o0 -
, P2 N2 N7 - ] N8 N3 STL 625 0 [ 0 ]
% P3 N3 N8 | NO ] N4 | 8TL 625 0 0
P4 N4 Ng. | N10 | N5 | STL 625 0 0
P5 N6 N11 [ ON12 ] N7 STL 625 0 0
P& N7 N12 N13 | NB STL 625 0 0
P7 N8 N13 N14 N9 STL 625 0 0
P8 N9 N14 N15 N10 |  STL 625 0 0 |
P9 N1 1 N16 N17 N1 STL 625 0 0 |
P10 N12 N17 N18 N13 STL 625 0 0 i
P11 N13 N18 N19 N14 STL 625 0 0 f
P12 N14 NT9 N20 N15 STL 525 0 )
P13 | N21 N2 N3 N22 STL B25 0 0
P14 1 N22 N3 & N4 N23: STL 625 0 0 -
P15 N23 N4 N9 N26 STL 625 0 0
oo P1B e N26 - | N© TON14 [ N29 STL - 625 0 0|
L P17 N28 N13 N14 N29 STL 625 0 0 ]
- P18 He N27 N12° 4. N13 -]- N28- STL .625 0 0]
P19 N24 N7 N12 N27 STL 625 | 0 0
P20 1 N2t N2 9 N7 . N24 ] STE: B25 - Ol 0 e
P21 N21 N22 N25 N24 STL 825 0 0
CPR2 o N22 T N23T T N2BE N25.: |~ STL. |. 625 0. 0
P23 I N25 N26 N29 N28 STL 625 0 0
P24.-: ] N24 [ N25 [ N28 © [ N27 | STL | 625 0 0
P25 N30 N22 | N34 N35 . STL 75 0 . 0
P26 -l N35 |7 N34 | N25 ] NB1 ] 8TL | 75 = Ol |
P27 N32 N30 N35 N36 STL 75 0 0
P28 - T N3 | N35 o N34 T N33 o STL 75 0 0
P29 N3 N37 N38 N8 STL 1 0 0
P30 - | N8 | . N38 | N3g. - N13. | STL T 0 1 0
P31 N13 | N39 N40 N18 STL 1 0 1 o

RISA-3D Version 4.5b [CARISA\PM-2A\Tank lift pad .625 wall.r3d]) Page 2




Company : intrepid Technology and Resources, inc. December 2, 2003
Designer : ITR 6:48 PM
Job Number : PM-2A Tank Lug Checked By:

Joint Loads/Enforced Displacements, Category : None, BLC 1 : Lower Half 5/8 wall

Joint Labe! [Lload,[Mlass,or Direction Magnitude
[Dlisplacement (k, k«in, in, rad, k™s"2/in)
N35 L l N -8.36
N35 L ) Z .. -5.85

RISA-3D Version 4.5b [CARISA\PM-2A\Tank lift pad .625 wall.r3d] Page 3



Company : Intrepid Technoiogy and Resources, Inc. December 2, 2003
Designer : ITR 6:50 PM
Job Number : PM-2A Tank Lug Checked By:

Reactions, By Combination

LC Joint Label X Force Y Force Z Force X Moment Y Moment Z Moment
(k) (k) (k) (k=in) {k-in) {k-in}
1 N1 % 2.345 | 1.038 .838 .103 -5.234 [ 0
A - NB S 2.139 --.837 659 -.284 . -4.478 6]
1 N11 -.449 -.349 .008 -.038 -.365 0
1 N16 =118 ‘ 1.38 =064 022 =012 = 0
1 N17 -1.41 5.033 -.044 279 -.256 4]
o N18 = R 25219 . 222275 -.469 ) 0 0
1 N40 0 -29.187 5.332 0 0 0
1 N19 - - 141 5:033: 044 . 279 - 256 0
1 N20 1.118 1.38 -.064 .022 012 0
1 N5 | 440 L - =349 -~ -.008 -D38 ‘ .365" =0
1 N10 -2.139 -.037 659 ‘ -.284 I 4478 0
4 ‘N5 JP.B45 s 038 838 - 103~ | 5234 0
1 Totals: 0 8.36 5.85
1 COG (in): X: 24 Y: 3 2 3.5

RISA-3D Version 4.5b [CARISAVPM-2A\Tank lift pad .625 wall dn half.r3d] Page 4




Company : Intrepid Technology and Resources, inc. December 2, 2003
Designer : ITR 6:51 PM
Job Number : PM-2A Tank Lug Checked By:

_—__—_—-—_—_—_——_—_—_—-——-—-—————-———————————————————_—
b e e

Plate/Shell Principal Stresses, By Combinalion

LC Piate Label Surface Sigma Sigma?2 Tau Max Angle Von Mises
[Tlop / |Bjottom (ksi) (ksi) (ksi) (radians} (ksi)
1] P1 T [ 1336 | -.039 687 -.609 ! 1.356
‘ B [ -751 l -3 1.124 -.312 2.704
1] P2 T ! .349 1171 76 .534 1.38
8 2.693 | 117 | 1.288 22 2 637
1 P3 T 349 1471 | 76 -.534 1.38
‘ B | 2.693 117 1.288 -.22 2.637
L1 P4 T 1.336 -.039 687 609 1.356
[ B - 751 -3 1424 312 2.704
1 P5 T 1.276 172 552 -.644 1.2 |
ﬁ B 312 1.54 614 _498 1,411
[ 1 P6 1 T 1313 | -536 924 .309 1.648
1 B T 9344 ] 007 669 ' .397 | 1.34
1 P7 | T 1.313 -.536 924 -.309 1.648 |
. i B 1.344. 007 669 -.397 1.34
1 P8 i 1.276 172 .552 T 644 1.2
S - B -.312 . -1.54 614 | 408 1.411
1 P9 T 1.059 .301 | .379 | 855 945
g . B -.004 ~..238 117 -.205" 237
1 P10 T 1.857 12 .869 199 1.8
ik P B o 3 [ 073 © 113, 494 271 4
1 P11 T 1.857 12 .869 -.199 18 |
e e B B o 0730 o A3 494 L 271
1 P12 T 1.059 301 .379 - 655 945
e B 004 ) -238 o AT 205 237"
1 P13 T 3.65 -2333 | 2.991 ‘ -.714 | 5.223
[ e s B D437 7 -4.828 T 3.631 S 6.402
1 P14 T 3.65 [ -2.333 2.991 714 5.223
SRR e T B 24377 | ¢ 4826 | 3631 7 -691 i1 6402 7
1 P15 T 1.882 .884 499 288 1.631
L B - | -346 | . -2188 - - 921- -1 349 2.037
1 P16 T | 1.086 0 543 -.675 1.086
s o B 1023 7 | -1576 | 1.299 - 573 2.268 7
1 P17 T -.091 -1.004 457 626 962
ERE B~ o985 . | -726 | 856 | 5127 . 1488
L1 P18 T -.091 -1.004 457 -.626 962
[l B " 085 | -726 . . 856 ] -B12.0 s 1488
1 P19 T 1.023 -1.576 l 1.209 573 2.268
ST e B 1086 . 0 ] 543 |~ -B75 = 1.086 " °
1 P20 T 346 | 2188 | 921 | .349 2.037
e S B 1.882° B84 400 ] 288 1631
L1 P21 T 611 427 092 -.069 543
T T B 141 .}  -3084 |7 2097 ] -32. | 3785
1 P22 T 611 427 092 .069 543
EEaT Sl B 144 - o -3.084=1 2097 .l 32 | 3765
1 P23 T 255 -.325 29 42 504
S L B 1,527 2079 [ 1803 . 4 .343 ] 3.135;
1 P24 T 255 -.325 .29 -42 .504
TE B 1527 | - -2.079 1803 |- -343 1 3135
1 P25 T 783 -4.82 2.802 662 5.256
e e B 783 .l 482 .| . 2.802 662 | 5256
1 P26 T 2349 | -.341 1.345 419 2.537
1= R B 2349 -347 1.345 - 419 © 2.537
1 P27 T 216 -.836 526 - 497 963
S g B - 216 © -836 526 .| -497 - 063
1 P28 T 309 -.495 447 705 776 |
[ o o o B 309 - -495 - 447 705 776

F R R R R R ORI ez — T/  — e ———— 3
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Company : Intrepid Technology and Resources, inc. Decegl\tjer 2, 2003

Designer : [TR 8:51
Job Number : PM-2A Tank Lug CheckedBy:
Plate/Shell Principal Stresses, By Combination, (cantinued)
Lc Plate Label Surface Sigma Sigma2 Tau Max Angle Von Mises
[Mop / [Bjottom (ksi) (ksi) (ksl) (radians) {ksi)
1] P29 T .501 2503 | 1502 ] .56 2.787
B | B 501 -2.503 1502 | 56 2.787
1 P30 T .553 -4.208 2.426 .305 ‘ 4.6
B .553 -4.298 2.426 .305 | 4.6
1 P31 T -.024 -4.021 1.999 .28 4.009 ;
[T B 024 | -4021 1.999 28 4,000 |

RISA-3D Version 4.5b [CARISAPM-2AVTank lift pad .625 wall dn half.r3d] ) Page 6



December 2, 2003
6:51 PM
Checked By:

. Intrepid Technology and Resources, Inc.
PM-2A Tank Lug

Company
Designer
Job Number :

Plate/Shell Forces, By Combination

LG Plate Label Ox Qy Mx My Mxy Fx Fy Fxy
(kiin) (kfin) (k-infin) {k-in/in) (k-infin) (k/in) (kfin}. (kin)

1 P1 .001 228 .045 12 | 042 | -173 -594 | -004

1 P2 .001 -.077 -.009 -.109 .04 i .061 .56 | 037
L1 P3 .001 .077 -.009 -.109 -.04 .061 .56 | -.037

1 P4 001 | -228 045 .12 -.042 -.173 -594 | 004

1 P5 | =002 027 038 .07 034 -.007 -119 . .004

1 P8 P 019 | 0 .03 -.049 .033 421 243 .018

1 P7 019 1T 0 .03 -.049 -.033 421 .243 -.018

1 P8 -002 | -.027 038 07 -.034 . -.007 -.119 -.004

1 P9 -009 | -.007 .026 .026 .014 .238 114 .084

1 P10 -.0086 .013 .054 -.002 .014 .508 .136 .076

1 P11 -.006 -.013 .054 -.002 -.014 .598 136 -.076

1 P12 -.009 .007 .026 .026 -.014 .236 114 -.094

1 P13 -.306 .007 .096 .024 .02 -.247 -.088 -2.04

N P14 - -.3086 -.007 .096 .024 -02 -.247 -.088 2.04

1 P15 1.707 .004 .123 05 .028 -.053 126 -1

1. P16 o) 36404 D12 .048 .005 - .021 -.047 214 -.535

1 P17 .337 -.007 -.032 -.012 -.01 .053 -.314 .364

1 P18 337 D07 032 01205 010 .053 -.314 -.364

1 | P19 -.364 -.012 -.048 -.005 -.021 -.047 214 -.535

1o P20 70700 -.0048 s =128 i .05 -.028° -.053: 126 -1

1 P21 078 .059 101 -.003 -.04 -7 408 .385
s P22 ol J078 ) 0RY Ll A0dEr e 008 e 040 e T i 0 408 -.395

1 P23 -.004 -.049 047 | -031 .03 -.594 .399 -424

aid P24 =i 004 ] ~0490 ] 047 o[ -.031 e 030 -.594 .389 424
C P25 0 0 0 0 0 -2.028 -1 -2.037

ks PR26oiala a0 0 ce@r =0 Pt 078 1.428 ) -748

1 P27 ‘ 0 0 0 0 0 -018 -448 -.331

Ao ba P28 g 1 Qi 0 R D985 - 0885 0 331

1 P29 0 0 0 0 0 -.346 -1.656 1.351
s P30 0 0= e D 0 18 -3.861 1.389

1] P31 0 0 D ! 0 0 -.329 -3.716 1.062

RISA-3D Version 4.5b [CARISA\PM-2A\Tank lift pad .625 wall dn half.r3d] Page 7
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LIFTING LUG ANALYSIS
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8. COMBINED STRESS

Under certain circumsiances of loading o body is subjected to a combination of tensile,
compressive. and/or shear stresses. TFor example, a shaft which 1s s_nmiim.eousb* Lent
and twisted is subject=d to combined stresses, namely, longitudinal fension and comipression
and torsional shear. For the purpoeses of analysis it 1s convenient to reduce such gystems
of combined stresses 10 a basic sysiem of
gtress coordinates known as principal suresses. o
These stresses act on axes which differ in gen-
eral from the axes along which the applied
gtresses are acting and represent the maxi-
mum and minimum values of the normal
stresses for the particular point considered.

Determination of Principel Stresses. The
expressions for the principal stresses in terms
of the stresses along the = and ¥ axes are

l

!
TN s

2 2
-
cr + oy IFUE ~ oy L2 (o
G2 = o \, = T Ty =)
P i - R . < . Y
F1a. 1. Diagram showing rclative orientstion
- of strasses. (Reproduced with modification by
‘ [ gx — Oy \~ o Ay Ppernussion from Aeciarical Mroperites of Alaie-
L= = \/ s ] T Tzy (8) ~ials and Dezrgn, by Joseph Mearin, MeGrew-Hill
- Boolk: Co.)

wlhere o1, o=, and 71 are the prineipal stress
components and oz, oy, a0d 7oy the calculated siress components, all of which are deter-
mined at any particular point (Fig. 1),

Graphical Method of Principal Stress Determination—Mohr’s Circle. Let the ares
z and y be chosen to represent the directions of the applied normal and shearing stresses,
respectively (Fig. 2). ILay off to suitable scale distances 04 = ¢y, OB = oz, and B =
AD = 1., With point E as a center construct the circle DFC. Then OF and 0G are the
principal stresses ¢; and o¢ respectively, and EC the maximum shear stress 75. The inverse
also holds; that is, given the princi-

" 6= (23 C,)\’+_\/'(ﬂ::°y‘)‘:+ o , pal siresses, 0. and o, can be

g < ' . I determined on any plane puassing

£w PR N through the point. ;

S B S / 0//°/ A Stress-strain Relations. The lin-

Gl & )= / N // {17 ear relation between components
Bompressive| \/(257) "+ 7,,* jl «\”j/,f’/ '1 Tensie  Of stress and strain is known as.
nscggn;! - A s normal - Hooke's law. This relation for the

two-dimensional case can be ex--
pressed as

g,

(o0z — »oy) (4).

€r =

Counterclockwise
shearing stress

T

€y =

bl i

(oy — voz) ()

1

F16.2. Mohr's circle used for the determination of the prin- Yay = 5 Teu (6)-

oipal stresses. (Reproduced with modification by permis-
sion [rorm Joseph Marin, op. cil.)

where oz, oy, annd 1., are the stress-

components of a particular point, » = Poisson's ratio, £ = modulus of elasticity, G =

modulus of rigidity, and e, €, &nd v;, = strain components.



464 / Tools and Techniques in Failure Analysis

It was noted thal Eq 15 is the equation of a circle
with axes o and 1 and centered on the ¢ axis
with:

(G.‘ +0,)
cenler = .
2 ) (Eq 16)
and radius, R, given by:
R :(—————UI * OVJ + T_:“,
.2 i (Eq 17)

The result is that stress transformations can be
performed by using the geometric principles of
a circle. For example, if stresses are known at a
point, they are plotted on a figure that has hori-
zontal axis ¢ and vertical axis 1 so that (g, T)
is the coordinate point at horizontal position o,
and vertical position T,y and so that (a,. Toy) is
the coordinate that corresponds to g, angd Tg.
Since the center of the circle is on the o axis,
this can be easily found by Eq 16. The radius of
the circle is given by Eq 17. From this, the entire
circle can be drawn. This is illustrated by the
schemaunce Mohr’s circle in Fig. 5.

Then for 2 rotation of axes by 8 in the stress
element, the position on the Mohr’s circle must
go through a rotation of 28 in the same direction
but around the circumference of the circle. Every
point on the circle corresponds to a possible
stress pair. Note that a rotation of 180° of the
circle corresponds to a rotation of the stress ele-
ment by 90° so that g, is transformed to o, as
shown in Fig, 5.

Principal Stresses. The purpose of a siess
transformation is mainly to find the stresses that
can be used in a failure criterion. These would
be either the largest magnitude stresses in any
direction or the magnimde of stresses on a weak
plane. For the former, the exireme stresses can
be found by taking Eq 11 and applying the cal-
cuius principle doy./d8 = 0. That is, principal
stresses are normal (perpendicular) stresses on
planes for which the shear stresses are zero. The
values of principal stresses are given by:

(Eq 18)

where the positive radical gives a maximum
stress labeled o, and the negative radical a2 min-
imum stress o,. Notice that the positions of the
extreme stresses are the points on the Mohr’s
circle where the circle crosses the o axis (horn-
zontal axis) (Fig. 5). ‘

The right side of the circle corresponds to a
maximum normal stress and the left side to a
minimum stress. These stresses as called prin-
cipal stresses and are often labeled o, and o..
Notice that the extremal stress given by Eq 18 is
:quivalent 1o taking the center = the radius of
the Mohr's circle. In this way the extreme values
of stresses can be easily found by simply using
the Mohr's circle.

The maximum shear Stress, Ty, can also be
found by taking T, from Eq 12 and using the
calculus principal dt,.,»/d8 = 0. This results in:

(Eq 19)

The valve of 1, is the radius of the Mohr's
circle, and the corresponding points on the
Mohr's circle are at the top and bottom of the
circle as shown in Fig. 5. The maximum shear
stress could also be written as:

(Eq 20)

Note that the maximum normal stresses are
defined at a position where the shear stresses are
zero. A plane with zero shear stress is defined as
a principal stress plane, that is, a plane having
only normal stresses. This can be extended to
three dimensions. Given 2 symmetric stress ten-
sor as defined previously, a transformation is de-
sired to a plane that results in the stress tensor
having only normal stress components; all shear
components are zero. This would be given by:

o, 0 0
0 o, O
0 0 o,

O‘z\/<

The transformation results in a cubic equation i
o given by:

-l +lo~-1,=0 (Eg 21
where
li=0,+0,+0,

- 2 2 2
1;=0,0,+0,0,+0,0, - Ty~ Ty~ T),

- 2
Iy=0,0,0,+21,1,1,, ~ 0,1},

2 2
~0,Te — 0,7 (Bq 22

The values of the coefficients, ,, I, and I, are
called the stress invariants and are independen:
of the coordinate system used to describe the
stress state. However, here they are used to solve
the stress cubic given in Eq 21 so that three prin-
cipal stresses result: G, G,, and g5, In three di-
mensions, the maximum shear stresses can be
found in the same way to the 2D stresses, that is
as one-half the difference of any two principal
stresses.

If smesses o), O,, and G4 are ordered from
maximum to minimum, then the absolute max-
imum shear stress in three dimensions is:

0, ~G,
2 (Eq 23)

Trnaxiang) =

The transformation of stress ir three dimensions
can be made with equations like Eq 14. For this
transformation, a circle like the Mohr's circle

max

Cx, Ty

26

radius

Y

O, T,vx

T

max

Fig. 5 Mohr's circle for two-dimensional stress transformation



~ CUBIC EQUATION CALCULATOR Page 1 of 1

Cubic Equation Calculator

Input MUST have the format: AX3+BX2+CX+D=0

EXAMPLE: If you have the equation: 2X3 -4X2 -22X+24=0
then you would input: A= 2 B=-4 C=-22 D=24

Click EN T E R and your answers should be 4, -3 and 1

A=1  B=20% C=-827 D=io

X 1 = 4.10876853094121

X 2:? -2.01276853094121

=0
X,=
To see the method for solving cubic equations, click HERE

Copyright © 2000 1728 Software Systems

hitp://www.1728.com/cubic.htm , 12/3/2003
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Page1 of2

EDF Title: PM-2A Half Tank Cover

Project No.: 2000-096 Project Titie: PM-2A Tanks and Burn Pits RD/RAWP
Probiem Statement:

IA cover is to be designed for the PM-2A half tank to prevent the debris in the tank from being scattered around
the work site but aliow access to the tank to remove the siudge and clean the tank. The access opening is to be
five feet wide and allow access for the full width of the tank. The opening is to be designed so that it will move

along the tank to sequentially provide access for removing the sludge and cleaning the tank over the full length of
the tank.

Summary of Conclusions:

The designed cover is shown on the attached sketches and on the Drawing, Half Tank Cover, included with the
design drawings for the project. The design utilizes a 20 mil plastic cover fixed at each end with a cart in between
with reels spaced to provide a 5 feet opening between them. The design is for one reel to wind up the cover from
one end of the tank and the other reel to unwind the cover from the other end with the cart and 5 foot space
traveling along the tank.

Review and Approval Signatures: .
| RA . Printed Name Signature Date

Prepared by: /ferf?r/ / MJ_/ jjJ A/W'//M%Zj ‘?/}O/g]/"
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EDF Title: PM-2A Half Tank Cover EDF- 096 -013
Project No.: 2000-096 Rev No.:

Project Title: PM-2A Tanks and Burn Pits RD/RAWP Page 2 of 2
Prepared by: Date: | Checked by: Date:

Problem Statement:

A cover is to be designed for the PM-2A half tank to prevent the debris in the tank from being scattered
around the work site but allow access to the tank to remove the sludge and clean the tank. The access
opening is to be five feet wide and allow access for the full width of the tank. The opening is to be designed
so that it will move along the tank to sequentially provide access for removing the sludge and cleaning the
tank over the full length of the tank.

Assumptions:

A 20 mil plastic cover that overlaps the tank sides at least 9 inches will provide adequate containment. The
radiation levels will be low enough that personnel will have access to install the cover system and to
operate the cover system.

References:

Calculations / Analysis:

The design utilizes a 20 mil plastic cover fixed at each end with a cart in between with reels spaced to
provide a 5 feet opening between them. The design is for one reel to wind up one end of the cover and the
other to unwind the other end with the cart and the 5 foot space traveling along the tank. The cart frame is
made with 6 inch light weight channels and has two foot wide platforms on each end of the five foot
opening. The platforms use a 1/4 inch thick aluminum cover to provide torsional rigidity. The platforms are
designed to support a 200 tb man standing at their centers. Calculations are attached.

Commercially available swimming pool cover reels are used to wind and unwind the cover. The cart is
designed with polyurethane flange wheels that support the cart and roll along the half tank edge. Each
corner of the cart has a set of two wheels spaced about 1 foot apart to accommodate any irregutarities in
the half tank edges. The wheels are flanged on one side and the flanges will be positioned on the outside
of the tank to keep the cart correctly positioned over the half tank.

The weight of the cart without the plastic cover is about 500 Ibs with only about 62.5 Ibs per wheel giving
confidence that even a deteriorated tank can easily support the cart. Also, the feature of the two closely
spaced wheels at each corner allows for one wheel to lose support if the tank has deteriorated and the
other wheel! to pick up the load. When the first wheel reaches solid support it will carry the ioad while the
second travels over the deteriorated area.

The plastic cover is to be fixed at each end of the half tank. The structure to support and fix the plastic
cover at the ends of the tank is shown on EDF 096 — 014.

ATTACHMENTS.
Design Sketches

Design Calculations
Vendor Data
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DESIGN CALCULATIONS
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VENDOR DATA



“_‘/26_‘6—645“2 C@onely Compary

Liners

Deluxe Residential 12' - 20" w/casters

M400 504.00

M700S2 Commercial Reel 21' - 26° 870.00
620 Bearing Race (M700S2) 27.33
oD10t Extra Strap Kit 58.91

M4G0 Deldxeestde i

M818 Above Ground Reel 12'- 18" 286.50
Ma24 Above Ground Reel 19'-24' 330.00
OD101 Extra Strap Kit 58.91
Above d Liners
10 Mil, Splasher Pool
111236 12' x 368" 83.12
20 Mil, Above Ground R
Lit1248HD 12" x 48" 130.77 i M700S2
LI1548HD 15' x 48" 173.64 M400 Deluxe Residential Commercial Reel
111848HD 18' x 48" 257.10
Li2148HD 21" x 48" 281.02
L12448HD 24' x 48" 301.56
1.12748HD 27' x 48" 421.96
LI15X30X48HD 15’ x 30' x 48" Oval 348.75
LI16X32X4BHD 16' x 32' x 48" Oval 426.78
L12448X72HDEXP24' Expandable Liner 181.66

r Cover Step 2
5870 Patch Glue 120z. 23.94
5875 Deluxe Repair Kit 17.31
5878 Patch Kit - 40z. 16.65
5882 Patch Kit - 2o0z. 8.61
Aquality Vinyl Patch Kit
AQ10012 Patch-N-Seal Kit 13.71

MB818 & M824
Above Ground Reel

M&18 & M824 Meig
Above Ground Reel

3




Polyurethane Tyred Single-flanged Rail Wheels

Standard wheel features flanges with a 5° angie and a ‘flat tread’
(ie tread parallel to the wheel axis) for running on flat top rail.
Polyurethane is resilient, durable material, resistant to abrasion
and to many common chemicals. Polyurethane tyred wheels are
capable of carrying heavy loads and of transmitting driving forces

MATERIAL: Whee! Centre - Steel to BS970: Part 1: 1983; 080 M40
Tyre - Polyester Based Polymer of 92° + 3° A Shore Hardness

OPERATING TEMPERATURE RANGE:
-20°C to + 60°C (115°C for limited use)

PLEASE SPEGIFY IF OPERATING IN HIGH HUMIDITY.
Anfi-hydrolysis polyurethane is recommended for use in an
operating environment of high humidhy.

Polyurethane o the above hardness used on these wheels is
Vulkolian, a high quaility maieria! that provides superior
performance in most applications.

Shauld the mechanical properliss of Vulkollan be
inappropriate for the application, alternative grades of
Polyurethane can be produced fo meet the requirements.
Polyurethane can be honded onto most metal centres
including aluminium, 1itanium, stainless steel and various
ferrous and non-ferrous alloys.

The * Maximum Load Rating’ given for each wheel assumes the
full tread width is in contact with the rail. In practice full contact
with the rail across the tread width is rarely achieved due to:-

a) Flange to rail clearance

b} Wheel Overhang

¢) Rail Comner Radii

For caiculation of the ‘Maximum Allowable Load' see ‘Design Data’ Para 6.1

In addition the ‘Maximum Load Rating’ given for each wheel is for aperation under ideal conditions.

Load factors must be applied according to the anﬁcipatéd working conditions - see ‘Design Data’ Para 4.1

Alternative Bore/Bearing diameters and alternative bearing types {i.e) bronze brushes, self lubricating brushes, efc.) are availabls to order ~
see page 17-18.

For technical information covering load factors, inariaf and rolfing mimm chemical resisianse, cofficients of friction betwaen wheel and track and keyway
dimensions, see ‘Data Design’ index on page 12.

Axie Piain Bore Taper
8 Plain Bore Keywayed Ball Bearing Roller Bearing
METH
12 SFH100/40/KM 12 | SFH106/40/BJM 12
[~ | 20 SFH100/40/KM 20 | SFH100/40/BJM 20
25 SFH100/40/KM 25 | SFH100/40/BJM 25
Maximum load rating: 500'(9 0 SFH100/40/KM 30
See 'Design Data’ paras 4.1 and @125
6.1 for'Maximum Allowable Load'. 2’“ k:gawrzyof_ g’ u m 54 "
Approximate weight:  2.7kg
D’ 100
__ Wheels fitted with ball journals are pre-lubricated, double shielded. Alternatively greasing can be through the axle — state if this option is required when ordering

+44 (0) 1908 374 022 ERAUER :

+44 [0) 1908 641 628
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EDF Title: PM-2A Half Tank Positive Air Flow System

Project No.: 2000-096 Project Title: PM-2A Tanks and Burn Pits RD/RAWP

Probiem Statement:

Design a system that will provide positive air flow during the sludge removal of the PM-2A half tanks. The air flow
is to be through the 5’ X 12’ 6” work space opening, through the haif tank, out the end of the half tank, though a

HEPA filter and exhausted to the atmosphere.

Summary of Conclusions:

The designed system is shown in the attached Design Sketches. The design uses an end plate on the half tank
to support the end of the plastic cover and provide a connection for the duct work that leads to a HEPA filter. An
axial in line fan installed in the outlet duct of the HEPA filter provides the air flow of 1350 cfm through the half tank
and filter and exhausts to the atmosphere. The fan is capable of providing the 1350 cfm for up to 73% increase in

filter resistance and will still provide 1000 cfm for a 118% increase in filier resistance.
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EDF Title: PM-2A Half Tank Air Fiow EDF- 096 -014
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Problem Statement:

Design a system that will provide positive air flow during the sludge removal of the PM-2A half tanks. The
air is to flow into the tank through the 5’ X 12' 8” work space opening, through the half tank, out at the end
of the half tank, though a HEPA filter and exhausted to the atmosphere.

Assumptions:

An air flow of % miles per hour through the half tank will provide adequate positive air flow.

References:

Crane Technical Paper No. 410, Flow of Fluids Through Valves, Fittings, and Pipe.

Calculations / Analysis:

The design is shown on the attached Design Sketches Sheets 1 and 2 and on the Drawing, Half Tank
Positive Air Flow, included with the design drawings for the project. The Design includes an 18 inch wide
aluminum plate across the half tank at the end of the tank where the vacuum system is located. The plate
has a fixed channel on the bottom across the end with a sponge rubber seal. Movable channels with
sponge rubber seals are attached to the bottom of the plate across the 18 inch dimension along the half
tank sides. The design scheme is to push the plate up snug to seal the end then move the two side
channels in snug and secure them in place with bolts in slots that extend up through the aluminum plate. A
plate with bolts is provided on the other edge of the plate across the open tank to secure the end of the
plastic cover. This scheme will provide a seal for the plate to the tank and secure it in place and will secure
the end of the plastic cover.

A 10 inch hole with a stub is located in the center of the plate to provide a connection for the flexible duct
that connects to a HEPA filter. A rigid duct is used to connect the outlet of the filter to an in-line fan. The air
flow, then, is in through the work space in the plastic cover, along the half tank to the end, out the end
through the 10 inch duct, to the HEPA filter, out of the HEPA filter through the in-line fan and exhausted to
the atmosphere. The exhaust is directed up at an angle to avoid impacting the consiruction site and
creating dust. A flexible duct, MOPECO M-30646, is used for the connection from the half tank cover plate
to the HEPA filter to allow the plate to be moved to the second tank and moved to provide access to the
ends of the half tanks for siudge removal and half tank cleaning as described below.

The HEPA filter chosen for the design is the standard Flanders G Series 24" X 24" housing with a GGF 24"
X 24 “ X 11 %" deep filter. The filter is rated for a 1500 cfm with a 1.3” w.g. pressure differential. The axial
in-line fan is an ACME In-Line Airfoil Centrifugal Fan Model 2115 with a partial width wheel that is rated at
3.0" w.g. at 1350 c¢fm. Calculations were made of the system head loss that show that the Fan Model 2115
is capable of delivering 1350 cfm with a clean new filter and will be able to deliver 1350 cfm for up to 73%
increase in filter resistance. The fan will still deliver 1000 cfm with a 118% increase in filter resistance. The
1000 cfm will still provide good positive air flow and the design is acceptable. The

attached Design Calculations show the air flow calculations.

A similar 18 inch wide cover plate will be used to secure the end of the plastic cover at the other end of the
half tank. This plate will not need the stub for the 10 inch air duct.

For removing the sludge and cieaning the half tanks at the ends under the 18 inch wide end plates, the side
seals can be moved out and the plates lifted and slide toward the center of the tanks to allow access. The
system can continue 1o operate with an end plate moved and provide some positive air flow. With the end
plate moved at the far end, air will still be drawn down the tank and out through the filter by the fan and
exhausted to the atmosphere. The flexible duct allows the cover to be lifted and moved cn the end near the
HEPA filter and air from the working area at the end of the tank will be drawn through the filter by the fan
and exhausted to the atmosphere.
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Nomenclature

Unless otherwise stated, all symbols used
in this book are defined as follows:

cross sectional area of pipe or orifice, in
square feet

cross sectional area of pipe or orifice, in
square inches

- . . ’s
rate of flow in barrels (42 gallons) per hour

flow coefficient for orifices and nozzles
= discharge coefficient corrected for vel-

ocity of approach = Cu /N 1 —(dy/d})*

= discharge coefficient for orifices and nozzles
= flow coefficient for valves: expresses flow

il

i

rate in gallons per minute of 6o F water
with 1.0 psi pressure drop across valve

= Qv p/(62.4AP)
internal diameter of pipe, in feet
internal diameter of pipe, in inches
base of natural logarithm = 2.7:8
friction factor in formula h;, = fLv*/D 2¢

acceleration of gravity = 132.2 feet per
second per second

total head, in feet of fluid

static pressure head existing at a point, in
feet of fluid

total heat of steam, in Bru per pound

loss of static pressure head due to fluid
flow, in feet of fluid

= static pressure head, in inches of water

resistance coefficient or velocity head loss
in the formula, hy = Kv*/2g

ratio of specific heat at constant pressure
to specific heat at constant volume =
CP/ICIJ

length of pipe, in feet

= gquivalent length of a resistance to flow,

in pipe diameters

= length of pipe, in miles

i

Il

molecular weight

universal gas constant = 1544

exponent in equation for polytropic change
(p'V': = constant)

pressure, in pounds per square inch gauge

pressure, pounds per square inch absolute

(see page 1-5 for diagram showing relation-
ship between gouge and absolute pressure)

pressure, in pounds per square foot absolute

rate of flow, in gallons per minute

rate of flow, in cubic feet per second at
flowing conditions

rate of flow, in cubic feet per second at
standard conditions (14.7 psia and 6oF)

rate of flow, in millions of standard cubic
feet per day, MMIscfd

rate of flow, in cubic feet per hour at stand-
ard conditions (14.7 psia and 6ol"), scth

rate of flow, in cubic feet per minute at
flowing conditions

rate of flow, in cubic feet per minute at
std. conditions (14.7 psia and boF), scfm

R
R, =

SN
[

g
l

<
|

w, =

ta

(o) ..

(1) ..

(2)
(100)
Delta

JAN

Epsilon

individual
1544/ M

Reynolds number

critical pressure ratio for compressible flow

gas constant = MR/M =

= specific gravity of liquids relative to water,

both at standard temperature (6o F)
specific gravity of a gas relative to air =
the ratio of the molecular weight of the
gas to that of air
absolute temperature, in degrees Rankine

{460 + 1) :

= temperature, in degrees Fahrenheit

specific volume of fluid, in cubic feet per
pound

= mean velocity of flow, in feet per minute

volume, in cubic feet

= mean velocity of flow, in feet per second
= sonic (or critical) velocity of flow of a gas,

in feet per second
rate of flow, in pounds per hour

= rate of flow, in pounds per second

weight, in pounds

percent quality of steam =
cent of moisture

net expansion factor for compressible flow
through orifices, nozzles, or pipe

potential head or elevation above reference
level, in feet

100 minus per

Subscripts

indicates orifice or nozzle conditions unless
otherwise specified

indicates inlet or upstream conditions
unless otherwise specified

. indicates outlet or downstream conditions

unless otherwise specified

. refers to 100 feet of pipe

Greek Lelters
differential between two points

absolute roughness or effective height of
nipe wall irregularities, in feet

weight density of Auid, pounds per cubic ft
density of fluid, grams per cubic centimeter

absolute (dynamic) viscosity, in centipoise
absolute viscosity, in pound mass per {oot
second or poundal seconds per sq foot

absolute viscosity, in slugs per foot second
or pound force seconds per square foot

kinematic viscosity, in centistokes
kinematic viscosity, square feet per second



CHAPTER 1 — THEQRY OF FLOW IN PIPE

CRANE

Darcy’s
General Equation

Flow in pipe is always accompanied by Iriction of
fluid particles rubbing against one another, and con-
sequently, by loss of energy available for work; in
other words, there must be a pressure drop in the
direction of flow. If ordinary Bourdon tube pressure
gauges were connected to a pipe containing a flowing
fluid, as shown in Fig-

ure 1-6, gauge P, P . ® P
would indicate a ¢ = - —
higher static pressure
than gauge P,.

—

Figure 1-6

The general equation for pressure drop, known as
Darcy's formula and expressed in feet of fluid, is
hy = fLv*/D 2g. This equation may be written to
express pressure drop in pounds per square inch, by
substitution of proper units, as follows:

of L v®
144 D 2g

(For other forms of this equation, see page 3-2.)

AP =

Equation 1-4

The Darcy equation is valid for laminar or turbulent
flow of any liguid in a pipe. However, when extreme
velocities occurring in a pipe cause the downstream
pressure to fall to the vapor pressure of the liquid,
cavitation occurs and calculated flow rates will be
inaccurate. With suitable restrictions, the Darcy
equation may be used when gases and vapors (com-

pressible fluids) are being handled. These restric-
" tions are defined on page 1-7.

Equation -4 gives the loss in pressure due to friction
and applies to pipe of constant diameter carrying
fluids of reasonably constant weight density in
straight pipe, whether horizontal, vertical, or sloping.
For inclined pipe, vertical pipe, or pipe of varying
diameter, the change in pressure due to changes in
elevation, velocity, and weight density of the fluid
must be made in accordance with Bernoulli's theorem
(page 1-5). For an example using this theorem, see
page 4-8.

Friction factor: The Darcy formula can be ration-
ally derived by dimensional analysis, with the excep-
tion of the friction factor, f, which must be deter-
mined experimentally. The friction factor for lami-
nar flow conditions (R, < 2000) is a function of
Reynolds number only: whereas, for turbulent flow
(R, > 4000), it is also a function of the character of
the pipe wall.

A region known as the “critical zone™ occurs between
. Reynolds number of approximately 2000 and 4000.
In this region, the flow may be either laminar or tur-
bulent depending upon several factors; these include
changes in section or direction of flow and obstruc-
tions, such as valves, in the upstream piping. The
friction factor in this region is indeterminate and

Formula
for Flow of Fluids

has lower limits based on laminar flow and upper
limits based on turbulent flow conditions.

At Reynolds numbers above approximately 4000,
flow conditions again become more stable and definite
friction factors can be established. This is impor-
tant because it enables the engineer to determine
the flow characteristics of any fluid flowing in a
pipe, providing the viscosity and weight density at
flowing conditions are known. For this reason, Equa-
tion 1-4 is recommended in preference to some of
the commonly known empirical equations for the
flow of water, oil, and other liquids, as well as for
the flow of compressible fluids when restrictions
previously mentioned are observed.

If the flow is laminar (R, < 2000), the friction fac-
tor may be determined from the equation:

64
124 d vp

_ bap. _

D vp

b

R,
[f this quantity is substituted into Equation 1-4,
the pressure drop in pounds per square inch is:

vl
P

AP = 0.000 668 Equation 1-5

which is Poiseuille’s law for laminar flow.

When the flow is turbulent (R, > 4000), the friction
factor depends not only upon the Reynolds number
but also upon the relative roughness, ¢/D . . . . the
roughness of the pipe walls (¢}, as compared to the
diameter of the pipe (D). For very smooth pipes
such as drawn brass tubing and glass, the friction
factor decreases more rapidly with increasing Rey-
nolds number than for pipe with comparatively
rough walls.

Since the character of the internal surface of com-
mercial pipe is practically independent of the diam-
eter, the roughness of the walls has a greater effect
on the friction factor in the small sizes. Conse-
quently, pipe of small diameter will approach the
very rough condition and, in general, will have
higher friction factors than large pipe of the same
material.

The most useful and widely accepted data of friction
factors for use with the Darcy formula have been pre-
sented by L. F. Moody!® and are reproduced on pages
A-23 to A-25. Professor Moody improved upon the
well-established Pigott and Kemler®: * friction factor
diagram, incorporating more recent investigations
and developments of many outstanding scientists.

The friction factor, f. is plotted on page A-24 on
the basis of relative roughness obtained from the
chart on page A-23 and the Reynolds number. The



CRANE APPENDIX A — PHYSICAL PROPERTIES OF FLUIDS AND FLOW CHARACTERISTICS OF VALVES, FITTINGS, AND PiPE A-5
Viscosity of Gases and Vapors
Viscosity of Various Gases
The curves for hydrocarbon vapors and . —
: | 0,
natural gases in the chart at the upper g pd
right are taken from Maxwell'?; the 040 ‘ /’
curves for all other gases in the chart are *
based upon Sutherland's formula, as Air
follows: 036 —
N.
0.555 Ty + C\ [T \¥ // //1/30
b= <__z_ﬂ._ Y. A /] 7150,
N // A/ o
where: o
g /. / A
. . . . =2 .028 7 o
& = viscosity, in centipoise at g / // _AS=5  uvoro
temperature T. L; 4 v g NH; CVAARF'BOORN
- //CG/ 1/ - A4Sy = .75 AND
¢ = Viscosity, in centipoise at *E 024 ///// 7= S, = 1.00 Mohses
temperature Ty, 3 / L7 -
perature fo g VARV 4
T = absolute temperature, in de- i //// / Y’ //
grees Rankine {46c +— deg. F) =020 7 7/ i ’/ 4
for which viscosity is desired. /A/ // v A
v
Ty = absolute temperature, in de- by Ad ”
. . . 2
grees Rankine, for which vis- 016 .
cosity is known. / A2 ;/
. |
C = Sutherland's constant. // 4 7
012 g =
/%
Note: The variation of viscosity with / =1
pressure is small for most gases. For n0sl i
gases given on this page, the correction 0 100 200 300 400 500 606 700 800 900 1000
of viscosity for pressure is less than 10 { — Temperature, in Degrees Fahrenheit
per cent for pressures up to 500 pounds
per square inch.
- Viscosity of Refrigerant Vapors!!
Approximate (saturated and superheated vapors)
_ Fluid Values of *'C"
- 019 L
0. 127 018 /QQ}/
Air 120 1
N, 111 017 /’
co. 240 ol -
co 118 // <
' E | ] - —
2 |
H: 2 g LA T %
= o
z AT e e il
Upper chart example: The viscosity g -0l 1 L = 18
of sulphur dioxide gas (SO.) at 200 F ~m ///,//T/// ]
is 0.015 centipoise. ] -
010 /,/;55//:? |
-
Lower chart example: The viscosity 009 T A |
of carbon dioxide gas (CO.) at about 8o I \\/‘N |
I is 0.015 centipoise. 0084 ‘
007 | J
~40 0 40 80 120 160 200 240

{ ~ Temperature, in Degrees Fahrenheit
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Physical Properties of Gases’

¢, = specific heat at constant pressure
c,= specific heat at constant volume

Name Chemical| Approx. | Weight | Specific | Indi- Specific Heat Capacity k
of Formula| Molecu- | Density, | Gravity | vidual Heat Per Cubic Foot equal
Gas or lar Pounds | Rela- Gas Per Pound at Atmospheric to
Symbol | Weight per tive [Constant at Room Pressure c,/c,
Cubic To Air Temperature and 68 F
Foot* i
M p Sy R p Cy p J Cy
Acetylene | CH. | 26.0 | .06754 .897 59.4 350 | .2737 | .0236 | .0185 | 1.28
Air — 29.0 .07528 1.000 53.3 241 L1725 \F L0181 : ,0130 1 AO’
Ammonia NH; 17.0 .04420 .587 90.8 .523 .4064 | .0231 L0179 F 1.29
Argon A 40.0 .1037 1.377 38.7 .124 .0743 .0129 .0077 1.67
Carbon Dioxide CO, 44.0 L1142 1.516 35.1 .205 .1599 .0234 .0183 | 1.28
Carbon Mcenoxide CO 28.0 .07269 .965 55.2 .243 L1721 L0177 0125 o141
Ethylene C.H, 28.0 .Q7128 .967 55.1 .40 .3292 L0291 .0240 | 1.22
Helium He 4.0 .01039 .138 386. 1.25 .754 .0130 .0078 \ 1.66
Hydrochloric Acid HC1 36.5 .09460 1.256 42.4 .191 L1365 0181 L0129 1.40
Hydrogen H, 2.0 .005234 .0695 767. 3.42 2.435 .0179 0127 1.40
Methane CH, 16.0 .04163 .553 96.4 .593 .4692 .0247 .0195 1.26
‘Methyl Chloride CH,Cl1 50.5 .1309 1.738 30.6 .24 .2006 .0314 .0263 1.20
Nitrogen N. - 28.0 .07274 .966 55.2 .247 .1761 .0179 .0128 1.40
Nitric Oxide NO 30.0 .07788 1.034 51.5 .231 .1648 .0180 .0128 1.40
Nitrous Oxide N.,O 44.0 .1143 1.518 35.1 .221 .1759 .0253 .0201 1.26
Oxygen O, 32.0 . 08305 1.103 43.3 217 .1549 .0180 .0129 1.40
Sulphur Dioxide SO, 64.0 .1663 2.208 24.1 .154 .1230 .0256 .0204 1.25

*Weight density values are at atmospheric pressure and 68 F.
For values at 60 F, multiply by 1.0154.

Volumetric Composition and
Specific Gravity of Gaseous Fuels™

Chermical Composition Specific
Percent by Volume Gravity
= o — S v c Relative
ydro- rbon araffin : Xy - itro- [Carbon|| to Air
Type of Gas gen Mon- |Hydrocarbons Huminants gen gen | Diox- S
oxide ide ¢
Meth- [ Eth- | Ethyl- | Ben- .
ane ane ene | zene
Natural Gas, Pittsburgh . L 83.4 | 15.8 o . 0.8 - 0.61
Producer Gas from Bituminous Coal|| 14.0 27.0 3.0 L 0.6 50.9 4.5 0.86
Blast Furnace Gas 1.0 27.5 L. 60.0 i1.5 1.02
Blue Water Gas from Coke 47.3 37.0 1.3 S L. 0.7 8.3 5.4 0.57
Carbureted Water Gas 40.5 34.0 10.2 6.1 2.8 0.5 2.9 3.0 0.63
Coal Gas (Cont. Vertical Retorts) 54.5 10.9 24.2 1.5 1.3 0.2 4.4 3.0 0.42
Coke-Oven Gas 46.5 6.3 32.1 3.5 0.5 0.8 8.1 2.2 0.44
Refinery Qil Gas (Vapor Phase) 13.1 1.2 23.3 21.7 39.6 L. 1.0 . 0.1 0.89
j Qil Gas, Pacific Coast 48.6 12.7 26.3 2.7 1.1 0.3 3.6 4.7 .47

Data on this page reproduced by permission from Mechanical Engineers’ Handbook
by L. 8. Marks. Copyright, May, 1954; McGraw-Hill Book éompany. Inc.
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Friction Factors for Any Type of Commercial Pipe
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A-26 APPENDIX A — PHYSICAL PROPERTIES OF FLUIDS AND FLOW CHARACTERISTICS OF VALVES, FITTINGS, AND PIPE CRANE
Resistance in Pipe
Resistance Due to Sudden Enlargements and Contractions®
Sudden enlargement: The resist-
ance coefficient K for a sudden en-
1.0 — r_:?;_ largement from 6-inch Schedule 40
\ | g pipe to 12-inch Schedule 40 pipe is
0.9 N — 2 0.55, hased on the 6-inch pipe size.
A N7 '
0.8 \\ a1 d_ 8ot _ o,
b ) SUDDEN ENLARGEMENT ds 11.938 3
107 J]{_l 1 @2 i .
= = Bk Sudden contraction: The resist-
S 0 e - ance coefficient K for a sudden con-
g L N L traction from 12-inch Schedule 40
o 0 [ S —‘——7\(/ pipe to 6-inch Schedule 40 pipe is 0.33,
3 -5 — I based on the 6-inch pipe size.
S S
= 0.4 ] | di _ 6obs .
2 ™~ ds 11.038 K
N
| \\ Note: The values for the resistance
0.2 ! A coefficient, K, are based on velocity
c? Y l in the small pipe. To determine K
0.1 ;’ ] > d N values in terms of the greater diam-
HoA [ \ eter, multiply the chart values by
O 3T 0.7 03 04 05 0.6 0.7 0.8 0.3 1.0 e
: Sy, T

K = 0.78

Inward
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K= 1.0
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~ Exit

Resistance Due to Pipe Entrance and Exit

K = 0.50

Sharp
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Entrance

—J

=

K=1.0
Sharp
Edged

Exit

K = 0.23

Slightly
Rounded
Entrance

—J

B ——

=

K = 1.0
Rounded
Exit

K = 0.04

Well
Rounded
Entrance

Problem: Determine the total re-
sistance coefficient for a pipe one
diameter long having a sharp edged
entrance and a sharp edged exit.

Solution: The resistance of pipe
one diameter long is small and can be

neglected (K= f L/D).

From the diagrams, note:

Resistance for a sharp edged entrance = 0.5

Resistance for a sharp edged exit = 1.0
Then, ,

the total resistance, K, for the pipe = 1.5



CRANE APPEND!X A — PHYSICAL PROPERTIES OF FLUIDS AND FLOW CHARACTERISTICS OF VALVES, FITTINGS, AND PIPE

A-27

Resistance of Bends

Resistance of 90 Degree Bends®!

The chart at the right shows the resistance
of 9o degree bends to the flow of fluids in
terms of equivalent lengths of straight pipe.

Resistance of bends greater than go degrees
is found using the formula:

%= l+(n—1)<Rz+§">

n = total number of 90° bends in coil
R; = total resistance due to one 90° bend, in L/D
R; = resistance duc to length of one 90° bend, in L/D
Ry = bend resistance due 1o one 90° bend, in L/D

Problem: Determine the equivalent lengths
in pipe diameters of a go degree bend and a
270 degree bend having a relative radius of 12.

Solution: Referring to the "Total Resist-
ance  curve, the equivalent length for a 9o
degree bend is 34.5 pipe diamezers.

The equivalent length of a 270 degree bend is:

L/iD=345+(3—1)087+ (158 +2)]
L/D = 87.7 pipe diameters

Note: This loss is less than the sum of losses
through three go degree bends separated by
tangents. For “resistance of bends theory™,
see page 2-12.

Chart for Resistance of 90 Degree Bends

From Pressure Losses for Fluid Flow in 90 Degree Pipe
Bends by K. H. Beij. Courtesy of Journal of Rescarch
of National Burecau of Standards, Vol. 21, Julv, 1938.

Resistance of Miter Bends®

The chart at the lower right shows the re-
sistance of miter bends to the flow of fluids.
The chart is based on data published by the
American Society of Mechanical Engineers
(ASME).

Problem: Determine the equivalent length
in pipe diameters of a 40 degree miter bend.

Solution: Referring to the “Total Resist-
.ance’ curve in the chart, the equivalent
length is 12 pipe diameters.

Chart for
Resistance of
Miter Bends
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EDF Title: Project Stormwater/Drainage Design

Project No.: 2000-096 [Project Title: OU 1-10, Group 3

Probiem Statement: Prior to start of soil removal at TSF-26, stormwater from the SE corner of TAN was routed
through TSF-26 via an open ditch to a stormwater retention pond. When the TSF-26 cleanup started, the inlet to
TSF-26 was plugged and flow to the retention pond was cut off. The purpose of this design is to re-establish flow
to the retention pond while preventing surface water and sediment from TSF-26 from leaving the TSF-26 site. This
design also provides a temporary stormwater controf plan during construction.

Surnmary of Conclusions: A 2' diameter CPE pipe with watertight joints will be placed across TSF-26 at a slope
of .00125 ft/ft. The site will be graded as shown in the attached drawings to provide sufficient volume to retain the
design storm. The site shall be graded as shown in sheet 5 of the package for stormwater control during

construction.

Review and Approval Signatures:

Printed Name Signature Date
Prepared by: Shaun Dustin A 10-2-"

Checked by: '
o Keuzs Srses IZ/fA'F
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Distribution:
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ENGINEERING DESIGN FILE

EDF Title Project Stormwater/Drainage Design EDF- 098-016
Project No.: 2000-096 Rev No.:
 Project Title: QU 1-10, Group 3 : Page 20f2
| Prepared by: Date: | Checked by: Date:

Problem Statement: Prior to start of soil removal at TSF-26, stormwater from the SE corner of TAN was
routed through TSF-26 via an open ditch to a stormwater retention pond. When the TSF-26 cleanup started,
the inlet to TSF-26 was plugged and flow to the retention pond was cut off. The purpose of this design is to
re-establish flow to the retention pond while preventing surface water and sediment from TSF-26 from
leaving the TSF-26 site. This design also provides a temporary stormwater control plan during construction.

Design Basis: Stormwater must be accounted for in the site design at TSF-26. The design storm is the 25-
yr, B hr storm generating 1.4 inches of water over the area in question. The water draining through the site
will be isolated from runoff generated on site by piping the water draining across the site along the flowline
of the existing ditch. Permanent stormwater control for the site will be accomplished by grading the site fo
permit retention of all precipitation for the design storm. Stormwater generated on site during construction
will be retained onsite in constructed ponds sized for the full 25-yr, 6-hr storm. For control of stormwater
during construction, the 25-yr, 6-hr storm will be used but infiltration will be considered.

Assumptions: See caiculation sheets

References: DOE-ID A&E Standards, Civil Design, Section 0200.2.8. Water Resources Engineering,
Linsley, Et Al, McGraw Hill, 1992. Hydrology, Water Quantity and Quality Control, M wanielista, Et Al, John
Wiley and Sons, 1997. Manufacturer data as incorporated in EDF. Drawings C-7, C-8, C-9.

Calculations / Analysis: See attached calculation sheets
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INNOVATIVE DRAINAGE AND WATER CONSERVATION SOLUTIONS

sIHancor
7 Technalogy - Innovation - Solutions -

BLUE SEAL PIPE,
WATERTIGHT PERFORMANCE

THE PERFORMANCE YOU EXPECT. THE INNOVATIONS YOU NEED.

With over a century of experience, we're experts when it comes to drainage,
providing innovative solutions for all kinds of applications. Our HDPE pipe delivers
superior value while providing physical strength and structural design that just
cannot be matched by metal or concrete.

Hancor's new patent pending, highly engineered composite pipe joining system,
a unique combination of three different materials, is being described as the best
watertight solution on the market.

BLUE SEAL is a gravity flow, watertight pipe ideal for storm sewers, detention
systems, and cross, slope or edge drains. Other applications include golf
courses, sports playing fields, or parking lot drainage, as well as irrigation ditch
enclosures.

Available in a complete range of sizes from 12" - 60" (300 - 1500mm) diameters, this
Hancor exclusive solution is 3rd party verified to meet 10.8 psi pressure and vacuum

testing requirements and EPA Phase Il Best Management Practices. Once again, Hancor

leads the way in offering a 60" corrugated HDPE verified watertight joining system.

The unique feature that sets this system apart from any other is a highly engineered -
integral bell-and-spigot system that utilizes expanding structural foam technology for

gasket support. This revolutionary coupling system maintains bell dimension after

pressurization providing uniform tolerances to ensure the highest consistent -
performance not found in the corrugated pipe industry. Hancor's multicomposite .

reinforced beli design is easily recognized by its blue product identification wrap.

5 YEAR WARRANTY

BLUE SEAL, Hancor's new highly engineered composite pipe joining system is

backed by an industry exclusive 5 year limited warranty.

Hancor Service: Hancor representatives and engineers are committed
to providing you with the answers to all your questions, including
specifications, installation, backfill recommendations and more.

Sl

Bury it and forget it.

SER

FEATURES

* Meets 10.8 psi water pressure and vacuum testing
requirements.

* Addresses EPA Phase Il Best Management Practices
for long-term service reliability.

« Lightweight, high strength compaosite system requires
less labor time for faster installations and reduced costs.

* Bell and gasket corrugation reinforcement provides
uniform support not found in the corrugated
polyethylene pipe industry.

* Fast bell-and-spigot joint assembly with unsurpassed
structural integrity.

» HDPE pipe provides superior resistance to prevent
rusting, deterioration or crumbling.

BENEFITS

* Provides a visible commitment to better water quality,
minimizing environmental impact.

* Prevents the contamination of soil and local waters

from harmiul substances such as sediment from

construction runoff, lawn care products or automobile

emissions.

Avoids possible joint infiltration of sands and fines

- resulting in sinkholes and differential settiement to

adjacent structures.

Reduces the risk of blockage caused by vegetation

infiltration into joints.

Reduces soil migration.

* Exclusive 5 year limited warranty for superior value.




BLUE SEAL™PIPE SPECIFICATIONS

Diameter: 12" - 60" (300 - 1500mm)

Length:

e 20' (6m) for 12" - 30" (300 - 750mm)
diameter pipe.

¢ 20.5' (6.24m) for 36" - 60" (900 - 1500mm)
diameter pipe.

Specifications: AASHTO M294, Type S and

AASHTO MPY, Type S.

Joint Performance: Watertight

Joining System: Bell-and-spigot

Gasket: Polyisoprene meeting ASTM F477

Fittings and Accessories: Hancor offers a full line

of fittings for all diameters of Hancor pipe.

SCOPE

This specification describes 12" - 60"
(300 - 1500mm) Hancor BLUE SEAL pipe
for use in gravity flow applications.

PIPE REQUIREMENTS

BLUE SEAL pipe shall have a smoaoth interior
and annular exterior corrugations.

e 12"- 48" (300 - 1200mm) shal! mest
AASHTO M284, Type S.

s 60" (1500mm) meets AASHTO MP7, Type S.

= Manning's “n” value for use in design shall be
no less than 0.010.

MATERIAL PROPERTIES

Pipe and fitting material shall be high-density
polyethylene meeting ASTM D3350 minimum
cell classification 335400C. The pipe material
shall be Hancor Resin 8™, which is a high stress
crack resistant material evaluated using the
single point notched constant tensile load
{SP-NCTL} test. Average SP-NCTL test specimens
must exceed 24 hrs. with no test resuft less
than 17 hrs. The closed cell structural foam
core must have a free rise density no less than

INNOVATIVE DRAINAGE AND

3 lbs/ft’ and compressive strength no less
than 20 tbs/in’.

JOINT PERFORMANCE

Pipe shall be joined with the BLUE SEAL" joint
meeting the requirements of AASHTO M294, or
AASHTO MP7. 12" - 60" (300 - 1500mm) shall
be watertight according to the requirements of
ASTM D3212. Gaskets shall be made of
polyisoprene, meeting the requirements of ASTM
F477 with the addition that the gaskets shall
not have any visible cracking when tested
according to ASTM D1149 after 72 hours
exposure in 50 PPHM ozone at 104" Fahrenheit.
Gaskets shall be installed by the pipe
manufacturer and covered with a removable
wrap to ensure the gasket is free from debris.
12" - 30" (300 - 750mm) bells shall include a
reinforcing rib at the flare OD to assure meeting
roundness tolerances and enhance proper joint
assembly. A joint lubricant availabte from the
manufacturer shali be used on the gasket and
bell during assembly, 24" - 60" (600 -
1500mm) diameters shall have a reinforced

bell-and-spiget, including a bell toierance device.

The bell tolerance device shall be installed by

the manufacturer and covered with a pratective
wrap. The gasket corrugation shall be reinforced
with a closed cell structurat foam core,

FITTINGS S
Fittings conform to AASHTO M294 or AASHTO

MP7. Fabricated fittings are welded at all
accessible interior and exteriorjunctions:

WATERTIGHT FIELD TEST
PERFORMANGE

To assure watertight field performance, - .
verification may be accomplished using ASTM F
1417 or ASTM C 969 test procedures.

Appropriate safety precautions must be used

when field testing any pipe material.

. . 2 15 18 24 3 3% 42 48 B8O
L RLRUN 500y  (375) (450) (BOOY (750) (SO0) (1050) (1200) (1500
- . Bl 102 it 216 T84’ 360 414 1480 550 613
Nl (3s1)  (450) (546) " (721) (014) " (1052) (1219) (1397) (1709) |
; 154 196 238 299 379 436 508 574 737
Rare 0., in. (mm) e (607) (759) (963) (1107) (1290) (1458) (1872)
- : 30° A0 Tagis 580 58 1B
Pitch, in. (mm) E (117) : (147; - (147) (_198} B
A"I‘;f°2‘bvf’teig:.“; 70 100 130 220 330 400 500 597 861
(k/g/sm'siaéi' (32) (46) (59) (100) (150) (182) (227) (260) (315)
) *Ona stick s 20' (6m) for 12°-30" (300-750mm) diameter pipe and 20.5' (6.24m) for 36™60" {900-L500mm) diameter pipe.

All sales of Hancor product are subject to 2 limited warranty and purchasers are solely responsibie for installation and
use of Hancor products and determining whether a product is suited far any specific needs. Please consult a full

copy of Hancor's Terms and Conditions for Saie for further details,

WHAancoe” .0\ give St. Findlay, OH 15840

WATER CONSERVATION SOLUTIONS

777?"3"00" )
7 l;nh;;lmy . Ilm;;'lrfii;;'-;;lﬂﬂﬂnl;

SLig
N
Bury it and forget it.

SEny
INSTALLATION

installation should be in accordance with ASTM
D2321, with the exception that minimum cover
in trafficked areas for 12" - 48" (300 - 1200mm)
diameters is 1 ft. {0.3m), and for 60" {1500mm)
diameters, 1.5 ft. {0.5m}.

QUALITY ASSURANCE

All corrugated pelyethylene pipe meeting or
exceeding AASHTO M294 or MPT shall only be
provided by manufacturers tisted by the Plastic
Pipe Institute (PPI) as having met the
requirements of the PPl sponsored third-party
certification program. All AASHTO M294 and
MP7 pipe shall be clearly marked with a
certification program mark or logo representing
the supplied pipe is in compliance with all
applicable standards.

Direct Contact

Customer Service

888-FOR PIPE (367-7473)

Fax 888-FAX PIPE {329-7473) 24 hows a day
Application Engineering

For technical questions, call
800-2HANCOR (242-6267), ext. 809

Electronic Media

Web Site

Find market- and application-specific information and the
latest industry news at our On-Line Pipeline —
www.hancor.com

Hancor®. BLUE SEAL” and Resin 8" are registered trademarks of Hancor, Inc,

< 2002 Hancor, oc. 1900-266
#1121,0402
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HANCOR BLUE SEAL™ PIPE SPECIFICATIONS

Scope
This specification describes 12- through 60-inch (300 to 1500 mm) Hancor BLUE SEAL ™ pipe for use in gravity
flow applications.

Pipe Requirements

BLUE SEAL™ pipe shall have a smooth interior and annular exterior corrugations.
« 12- through 48-inch (300 to 1200 mm) shall meet AASHTO M294, Type.S.
¢ B0-inch (1500 mm) shall meet AASHTO MP 7, Type S.
« Manning's “n” value for use in design shall not be less than 0.010.

Joint Performance
Pipe shall be joined with the BLUE SEAL™ joint meeting the requirements of AASHTO M294, or AASHTO MP7.

12- through 60-inch (300 to 1500 mm) shall be watertight according to the requirements of ASTM D3212.
Gaskets shall be made of polyisoprene meeting the requirements of ASTM F477 with the addition that the
gaskets shall not have any visible cracking when tested according to ASTM D1149 after 72 hour exposure in 50
PPHM ozone at 104 JFahrenheit. Gaskets shali be installed by the pipe manufacturer and covered with a
removable wrap to ensure the gasket is free from debris. 12- through 30-inch (300 to 750 mm) bells shall include
a reinforcing rib at the flare O.D. to assure meeting roundness tolerances and enhance proper joint assembly. A
joint lubricant available from the manufacturer shall be used on the gasket and bell during assembily.

24- through 60-inch (600 to 1500 mm) diameters shall have a reinforced bell & spigot including a bell tolerance
device. The bell tolerance device shall be installed by the manufacture and covered with a protective wrap. The
gasket corrugation shall be reinforced with a closed cell structural foam core.

Watertight Field Test Performance
To assure watertight field performance verification may be accomplished using ASTM F 1417 or ASTM C 969 test
procedures. Appropriate safety precautions must be used when field testing any pipe material.

Fittings
Fittings shali conform to AASHTO M294 or AASHTO MP7. Fabricated fittings shall be welded at all accessible
interior and exterior junctions.

Material Properties

Pipe and fitting material shall be high-density polyethylene meeting ASTM D3350 minimum cell classification
335400C. The pipe material shall be Hancor Resin 8™, which is a slow crack resistant material evaluated using
the single point notched constant tensile load (SP-NCTL) test. Average SP-NCTL test specimens must exceed 24
hrs. with no test result less than 17 hrs. The closed cell structural foam core must have a free rise density no less
than 3 Ibs/f® and compressive strength no less than 20 Ibs/in’.

Quality Assurance

All corrugated polyethylene pipe meeting or exceeding AASTHO M294 or MP7 shall only be provided by
manufactures listed by the Plastics Pipe Institute (PPI) as having met the requirements of the PPI sponsored
third-party certification program. All AASHTO M294 and MP7 pipe shall be clearly marked with a certification
program mark or logo representing the supplied pipe is in compliance with all applicable standards.

Installation

Instaliation shall be in accordance with ASTM D2321, with the exception that minimum cover in trafficked areas
for 12- through 48-inch (300 to 1200 mm) diameters shall be 1 ft. (0.3 m) and for 60-inch (1500 mm) diameter, the
minimum cover shall be 1.5 ft. (0.5 m).

© Hancor, Inc., May, 2002
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1-0 SPECIFICATIONS

TABLE OF CONTENTS
Hancor Blue Seal ™ Pipe Specifications ..........c..ccuemroiseneenn. 1-2
Hancor Sure-Lok® WT Pipe Specifications ............co..covveverrrvneee. 1-4
Hancor Sure-Lok® F477 Pipe Specifications .........ccccovvenrvneenene. 1-6
Hancor EcoFirst™ Pipe Specifications..............cooneeeeveeesrieenesnn. 1-8
Hancor Hi-Q® Pipe Specifications ............cceucuveverereirernesnesessenees 1-10
Hancor AASHTO Pipe Specifications........c.cccouveeivecevcrnnveeneenns 1-11
Hancor Heavy Duty Pipe Specifications ..........cccocevveeceicnneennnen. 1-12
Hancor Smoothwall Sewer & Drain Pipe Specifications ............ 1-13
Hancor Channel-Flow® Pipe Specification .............cccocoveoneencns 1-14
Hancor Channel-Muck Pipe Specification ... 1-15
Hancor Gravelless Pipe Specification.......cccoveerveiivcnvvciinnnnns 1-16
Hancor Drain Grate Specification ........cccovrvivrivinnvccinncncccnnenns 1-17
Hancor Hi-Q Flared End Section Specification..........c.ceeuuee... 1-18
Hancor Meter Pit Specification......cc.coccoviivrivcerinnenccsrereescreene 1-19
Hancor EnviroChamber™ Specification ........ccccceveieeeeecrevevencnes 1-20
Hancor Heavy Duty Distribution Box Specification..........cc......... 1-21
Hancor Multi-Purpose Distribution Sump Specification.............. 1-22
Hancor Standard Alternator Valve Specification ........................ 1-23
Hancor Radon Dual Purpose Vented Sump Specification......... 1-24
Hancor Sewage Ejector SUMP SPecification ............. e, 1-25
Hancor Sump Pump Well Specification .........ccocevevveucvereeececnnas 1-26
Hancor Water Control Gate Specification...........cccccceeeevinnanne. 1-27

Hancor Hi-Q Sloped End Section Specification...........ccocceenene. 1-30

Al sales of Hancor product are subject to a limited warranty and purchasers are solely responsible for
installation and use of Hancor products and determining whether a product is suited for any specific needs.
Please consult a full copy of Hancor's Terms and Conditions for Sale for further details.

© Hancor, Inc., May, 2002
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BLUE SEAL™ JOINT SYSTEM

(Joint configuration & availability subject to change without notice.)

Pipe Dimensions

Nominal Diameter, in {mm)
in 12 15 18 24 30 36 42 48 60
Pipe 1.D. (300} (375) (450) {600) {750) {900) {1050) (1200} (1500)
{mm)
in 14.2 17.7 21.5 28.4 356.0 414 48.0 55.0 67.3
Pipe 0.D. (mm) | (361) {450) (546) (721) _(914) _(1052) (1219) (1397) (1709)
in 15.4 19.6 23.9 29.9 37.9 43.6 50.8 57.4 73.7
Flare 0.0. {mm} (391} (498) (607) (759) (963) {1107) (1290) (1458) (1872)
: in 2.0 24 3.0 4.0 4.0 4.5 5.8 5.8 7.8
Pitch (51) (61) (78) (102) (102) (117) (147) (147) (198}
(mm)
Lb/20 ft. 70 100 130 220 330 400 500 597 861
stick (32) (46) (59) {100) (150) (182) 227 (260) (315)
Approx. Weight (Kg/ém
stick)

//‘\ CLOSED CELL
/(STRUCTURAL FaaM

/—\ ASTM F477 GASKET
/s
Q \ /Jf @ \ ASTM F477 GASKET

~FLARE 0D,
PIPE O.D.
§ ~ FLARE 0O.D. [
\"
A
r PIPE L.D. AT iT\
J i)
1 =

W/ JUJ——-—“- i\_b U

247-60" (600-1500mm>

127-187 <(300-450mm>

© Hancor, Inc., May, 2002
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HANCOR SURE-LOK® WT PIPE SPECIFICATIONS

Scope
This specification describes 4- through 8-inch (100 to 200 mm) Hancor Sure-Lok WT pipe for use in non-pressure
drainage applications.

Pipe Requirements

Sure-Lok WT pipe shall have a smooth interior and annular exterior corrugations.
e 4-to B-inch (100 to 200 mm) shall meet AASHTO M252, Type S.

+ Manning's “n” value for use in design shall not be less than 0.010.

Joint Performance

Pipe shall be joined with the Sure-Lok joint meeting the requirements of AASHTO M252. The joint shall be
watertight according to the laboratory requirements of ASTM D3212. Joints shall remain watertight when
subjected to a 1.5 degree axial misalignment.

Gaskets shall be made of polyisoprene meeting the requirements of ASTM F477 with the addition that the
gaskets shall not have any visible cracking when tested according to ASTM D1149 after 72 hour exposure in 50

PPHM ozone at 104° F (40° C).

Gaskets shall be installed by the pipe manufacturer and covered with a removable wrap to ensure the gasket is
free from debris. A joint lubricant supplied by the manufacturer shall be used on the gasket and bell during
assembly.

Fittings
4” — 8" (100 - 200 mm) fittings shall conform to AASHTO M252.

Material Properties
Pipe and fitting material shall be high density polyethylene meeting ASTM D3350 minimum cell classification
324420C for 4- through 8-inch (100 to 200 mm) diameters.

Installation
Installation shall be in accordance with ASTM D2321 with the exception that minimum cover in trafficked areas
shall be one-foot (0.3 m).

Pipe Dimensions

Nominal Pipe [.D. in 4 5 8
) (100 (150) (200)
Approx. Pipe 0.D. in 47 8.9 9.4
m) (119) (175) (239)
Approx. Pitch in 0.6 0.7 1.0
() (16) 19 (26)
Approx. Weight* Lb/20 ft
stick 10 20 30
(kg/6m ) ) (14)
stick)
Perforations All diameters available with or without perforations

*One stick is 20" (6m) for 4" — 8" (100 ~ 200 mm) diameter pipe.
*Check with sales representative for availability.

© Hancor, Inc., May, 2002
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water-tight) Pipe

. N-12 1B WT's ceramic/polymer composite joint ¢
% HDPE's excellent abrasion and corrosion resista
} joint with excellent strength. The wide proprietar
ceramic/polymer composite is fused to the outsic
built-in belf, improving the joint's integrity and tol

With its integral buiit-in bell and factory-installed gasket, the pipe requires no extra ¢
other sealants to install. The joint meets or exceeds ASTM 3212 lab test and ASTM
field test, which helps fill an essential role in meeting the new, stricter Environmental

Agency guidelines.

N-12 1B WT pipe is so advanced in it's design, if's easy to install and easy to put you
for long term reliability.

 pFiares bel Spars tres corrigatinns
-4 tar manimam jnint pedormange :
: L 'f‘immg!mn!wm_.“ maar CompuEte adks -
nd dimensional cantrol -

Toporod spigathelps
L maiee Anstallmtion easy -

Applications: Storm Sewers
Sanitary Sewers
Retention/Detention
Roof Drainage
N-12 IBWT

Includes a pressure-tested coupler that provides watertight connections meeting a f
accordance with ASTM D3212.

ProLink WT PipeProduct information

Diameters Available: 4"-60"

Lengths Availabie: 3m

Joint Performance: Water-tight(D3212)
Joining System: } Integral Bell
Specifications: Product Note 3.107




Product
NoOLES oo

Re: Specification for Smooth Interior
Corrugated Polyethylene Pipe
Date: June 17,2002 .

This specification applies to high density polyethylene corrugated pipe with an integrally
formed smooth waterway. Nominal sizes for which this specification is acceptable are 100 —
1500 mm (4 - 60 inch) diameters. Sizes 100 — 1500 mm (4 - 80 inch) shall be either
AASHTO Type 'S' or Type 'D' as follows. Sizes 100 ~ 1500 mm (4 - 80 inch) designated as
AASHTO Type ‘S' (N-12) shall have a full circular cross-section, with an outer corrugated
pipe wall and an essentially smooth inner wall (waterway). Corrugations for Type 'S’ sizes
100 ~ 1500 mm (4 - 60 inch) shall be annular {(N-12). Sizes 1050 ~ 1500 mm (42 thru 60
inch) designated as AASHTO Type 'D' (N-12HC) shall consist of an essentially smooth
waterway braced circumferentially with circular ribs which are formed simultaneously with an
essentially smooth outer wall. The 1050 ~ 1500 mm (42 thru 60 inch) (N~12HC) sizes shall
conform to AASHTO Type 'D' (which describes dual wall pipe with a smooth waterway).

Pipe manufactured for this specification shall comply with the requirements for test methods,
dimensions and markings found in AASHTO Designations M252, M284 and MP7. Pipe and
fittings shall be made from virgin PE compounds which conform with the applicable current
edition of the AASHTO Material Specifications for cell classification as defined and described
in ASTM D3350.

The minimum parallel plate stiffness vaiues when tested in accordance with ASTM D2412
shall be as follows:

Diameter Pipe Stiffness (minimum) | Diameter Pipe Stifiness
(nominal) (nominal) {minimum)

100 mm (4") 340 kN/m? (50 pii) 600 mm (24%) 235 kN/m? (34 pii)
150 mm (6") 340 kN/m? (50 pii) 750 mm (30" 195 kN/m® (28 pii)
200 mm (8") 340 kN/m? (50 pif) 900 mm (36") 150 kN/m?® (22 pii)
250 mm (10") 340 kN/m? (50 pii) 1050 mm (42") | 140 kN/m? (20 pii)
300 mm (12") 345 kN/m? (50 pii) 1200 mm (48") | 125 kN/m? (18 pii)
375 mm (15" 290 kN/m? (42 pii) 1500 mm (60") | 95 kN/m? (14 pii)
450 mm (18") 275 kN/m? (40 pii)

The fittings shall not reduce or impair the overall integtity or function of the pipeline. Fitlings
may be either molded or fabricated. Common corrugated fittings include in-line joint fittings,
such as couplers and reducers, and branch or complimentary assembly fittings such as tees,
wyes and end caps. These fittings may be instalied by various methods such as snhap-on,
bell and spigot, bell — bell and wrap around coupiers. Couplers shall provide sufficient
longitudinal strength to preserve pipe alignment and prevent separation at the joints. Only
fittings supplied or recommended by the manusacturer shall be used. Where designated on
the plans or project specifications, an elasiomeric gasket meeting the requirements of ASTM
F477 shall be supplied.

instailation of the pipe specified above shall be in accordance with either AASHTO Section
30 or ASTM Recommended Practice D2321 as described slsewhere in these specifications
and as recommended by the manufacturer.
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